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Abstract 
 
 A field experiment was conducted under rainfed conditions in western Sudan at El-
Obied Research Farm (130 20/ N; 300 15/ E, Alt 750m) and Eldemokeya Forest 
Reserve (130 16/N; 300 29/E, Alt, 560m) during the growing seasons 2004/2005 and 
2005/2006. The main objective was to investigate tree crop relation whithin the 
gum cultivation cycle. Parameters measured were soil particle distribution, soil 
nutrient content, soil moisture, plant height, root lenght, number of pod/plant, fresh 
weight,dry weight, crop yield, gum yield and the biological nitrogen fixation under 
the gum cultivation cycle.   
  
 The experiment consisted of seven treatments: three plots represented the 
intercropping of groundnut, sesame and roselle with Acacia senegal; three plots 
represented groundnut, sesame and roselle in the sole cropping system, while one 
plot represented  the Acacia senegal alone. The treatments were arranged in 
Randomized Complete Block Design (RCBD) replicated four times. Land 
Equivalent Ratio (LER) was used to evaluate the productivity and the partial 
budget analysis was carried out to evaluate the profitability of the different 
cropping systems. 
 
 xii
Signficant differences were obtained for sand and silt content in both sites, while 
clay content was not significantly different in both sites. The clay content increased 
with increase in soil depth. The higher sand, silt and clay content under the 
intercropping system could be attributed to the dense vegetation cover made by the 
trees and shelter the provided. The nitrogen and organic carbon are signficantly 
higher in intercropping system in Eldemokeya Forest Reserve compared with sole 
cropping and pure Acacia senegal. Soil OC,N and pH was not signficant in El-
Obied site. Yet the level of OC,N,P and pH was higher under intercropping system.  
In the present investigation, Nitrogen, phosphurs and organic carbon are 36, 30 and 
17% lower than the result obtained in 1999 in the same site. This could be due to 
intensive cultivation in the same area. Under the present investigation no nodules 
were detected in the field conditions. 
 
Plant height were signficantly different for groundnut,sesame and rosele in El-
Obied Farm Research. In Elddmokeya Forest Reserve significant differences were 
observed for roselle in the firest season and for groundnut , sesame and roselle in 
the second season. Root lenght was signficantly different  for sesame and roselle in 
both sites, while groundnuts ystem was not signficantly different. Fresh weight was 
significantly different in both sites. The higher fresh weight was found under 
intercropping system. This could be attributed to sheding effect which limits fruit 
production more than vegetative growth. Dry weights were signficantly different 
 xiii
for sesame and roselle in both sites, while groundnut was not signfiocantly 
different. 
In both sites intercropping systems reduced groundnut, sesame and roselle yields 
by 26.3, 12 and 20.2% respectively. The reduction in yield in intercropping plots 
could be attributed to high tree density, which resulted in water and light 
competition between trees and the associated crops. 
 
The yields of groundnuts and sesame in present investigation were 37 and 21% 
lower that the yield obtained from the same site in 1999. this could be due to 
intensive cultivation and probably the high tree density. All the treatments gave 
land equivalent ratio (LER) more thyan one indicating the superiority of growing 
the field crops in intercropping with Acacia senegal than the sole cropping systems. 
The higher LER (1.72) was obtained when roselle was intercropped with Acacia 
senegal, while the lowest LER was obtained when groundnuts was intercropped 
with Acacia senegal. 
 
The economical analysis revealed that all the treatments were economically 
attractive, becouse they gave positive net revenue. Intercropping of sesame with A. 
Senegal was more profitable followed by sole sesame. The highest net benefit was 
recorded when sesame was grown with Acacia senegal followed by sole sesame, 
roselle with A. senegal, sole roselle, groundnut with, A. Senegal, sole groundnut 
and A. senegal as a sole crop. 
vix 
 
  ﻣﻠﺨﺺ ﺍﻷﻃﺮﻭﺣﺔ
ﺑﻮﻻﻳﺔ ﺷﻤﺎﻝ ﻛﺮﺩﻓﺎﻥ ﻓﻰ ﻣﻮﻗﻌﻴﻦ ، ﻣﺰﺭﻋﺔ  ﺗﺤﺖ ﺍﻟﻈﺮﻭﻑ ﺍﻟﻤﻄﺮﻳﺔ  ﺍﻟﺘﺠﺮﺑﺔ ﺍﻟﺤﻘﻠﻴﺔ ﺃﺟﺮﻳﺖ ﻫﺬﺓ 
                  ﻭ ﻏﺎﺑﺔ ﺍﻟﺪﻣﻮﻛﻴﺔ ﺍﻟﻤﺤﺠﻮﺯﺓ  )m057 tlA ,E /51 003 ;N /02 031(ﺑﺤﻮﺙ ﺍﻷﺑﻴﺾ
 5002/6002ﻭ   4002/5002ﺍﻟﻨﻤﻮ  ﻣﻮﺳﻤﻲﺧﻼﻝ    )m065 ,tlA ,E/92 003 ;N/61 031(
ﺩﻭﺭﺓ  ﺗﺄﺛﻴﺮ ﻤﻌﺮﻑﻭ ﻟ ﺍﻟﻌﺮﺑﻲﻟﺪﺭﺍﺳﺔ ﻋﻼﻗﺔ ﺍﻻﺷﺠﺎﺭ ﻭﺍﻟﻤﺤﺎﺻﻴﻞ ﺍﻟﺰﺭﺍﻋﻴﺔ ﻓﻰ ﺩﻭﺭﺓ ﺇﻧﺘﺎﺝ ﺍﻟﺼﻤﻎ 
ﻭ ﺃﻧﺘﺎﺝ  ﺔﺍﻟﻤﺤﺘﻮﻯ ﺍﻟﺮﻃﻮﺑﻰ ﻟﻠﺘﺮﺑﺔ ﻭ  ﺧﺼﺎﺋﺼﻬﺎ ﺍﻟﻔﻴﺰﻳﺎﺋﻴﺔ ﻭﺍﻟﻜﻴﻤﻴﺎﺋﻴ ﻋﻠﻰ  ﺍﻟﻌﺮﺑﻲﺍﻟﺼﻤﻎ  ﺇﻧﺘﺎﺝ
ﺍﻟﺼﻤﻎ ﺍﻟﻌﺮﺑﻲ ﻭ ﻃﻮﻝ ﺍﻟﻨﺒﺎﺕ ﻭﺍﻟﻮﺯﻥ ﺍﻟﺮﻃﺐ ﻭﺍﻟﻮﺯﻥ ﺍﻟﺠﺎﻑ ﻭ ﺃﻧﺘﺎﺝ ﺍﻟﻤﺤﺎﺻﻴﻞ ﻭﺗﺜﺒﻴﺖ 
  .ﻨﺘﺮﻭﺟﻴﻦﺍﻟ
ﺛﻼﺙ ﺗﻤﺜﻞ ﺯﺭﺍﻋﺔ ﺍﻟﻔﻮﻝ ﺍﻟﺴﻮﺩﺍﻧﻲ، ﺍﻟﺴﻤﺴﻢ ﻭ ﺍﻟﻜﺮﻛﺪﻯ ﻣﻊ . ﺷﻤﻠﺖ ﺍﻟﺪﺭﺍﺳﺔ ﺳﺒﻊ ﻣﻌﺎﻣﻼﺕ
ﺍﻟﻬﺸﺎﺏ ﺛﻼﺙ ﺗﻤﺜﻞ ﺍﻟﺰﺭﺍﻋﺔ ﺍﻷﺣﺎﺩﻳﺔ ﻟﻜﻞ ﻣﻦ ﺍﻟﻔﻮﻝ ﺍﻟﺴﻮﺩﺍﻧﻲ، ﺍﻟﺴﻤﺴﻢ ﻭﺍﻟﻜﺮﻛﺪﻯ ﺑﻴﻨﻤﺎ ﺗﻤﺜﻞ 
ﻭﺯﻋﺖ ﺍﻟﻤﻌﺎﻣﻼﺕ ﺣﺴﺐ ﺗﺼﻤﻴﻢ ﺍﻟﻘﻄﺎﻋﺎﺕ ﻛﺎﻣﻠﺔ . ﺍﻟﻤﻌﺎﻣﻠﺔ ﺍﻷﺧﻴﺮﺓ ﺍﻟﻬﺸﺎﺏ ﻛﻤﺤﺼﻮﻝ ﺃﺣﺎﺩﻯ
  .ﻴﺔ ﻓﻲ ﺃﺭﺑﻊ ﻣﻜﺮﺭﺍﺕﺍﻟﻌﺸﻮﺍﺋ
  
ﺍﻟﻘﻴﻤﺔ   ﺍﺳﺘﺨﺪﺍﻡﺗﻢ ﻗﻴﺎﺱ ﺍﻟﻤﺤﺘﻮﻯ ﺍﻟﺮﻃﻮﺑﺔ ﻟﻠﺘﺮﺑﺔ، ﻋﻨﺎﺻﺮ ﺍﻟﺘﺮﺑﺔ، ﻧﻤﻮ ﻭﺇﻧﺘﺎﺟﻴﺔ ﺍﻟﻤﺤﺎﺻﻴﻞ ﻛﻤﺎ ﺗﻢ 
ﻨﻈﻢ ﻗﺘﺼﺎﺩﻯ ﻟﺗﺤﻠﻴﻞ ﺍﻟﻤﻴﺰﺍﻧﻴﺔ ﺍﻟﺠﺰﺋﻴﺔ ﻟﻠﺘﻘﻴﻴﻢ ﺍﻹ ﻭﻟﺘﻘﻴﻴﻢ ﺍﻹﻧﺘﺎﺟﻴﺔ  (REL) ﻟﻸﺭﺽﺍﻟﻤﻜﺎﻓﺌﺔ 
    . ﺍﻟﺘﺤﻤﻴﻞ ﺍﻟﻤﺨﺘﻠﻔﺔ
vx 
ﺴﺒﺔ ﺍﻟﺮﻣﻞ ﻭ ﺍﻟﺴﻠﺖ ﺑﻴﻨﻤﺎ ﻟﻢ ﻳﻌﻂ ﺍﻟﻄﻴﻦ ﺃﻱ ﻓﺮﻭ ﻧ ﻓﻲﺃﻇﻬﺮﺕ ﺍﻟﻨﺘﺎﺋﺞ ﻭﺟﻮﺩ ﻓﺮﻭﻗﺎﺕ ﻣﻌﻨﻮﻳﺔ 
ﺃﻇﻬﺮﺕ ﺍﻟﺪﺭﺍﺳﺔ ﻭﺟﻮﺩ . ﻓﻲ ﻛﻼ ﺍﻟﻤﻮﻗﻌﻴﻦ ﻧﺴﺒﺔ ﺍﻟﻄﻴﻦ ﺗﺰﻳﺪ ﺑﺰﻳﺎﺩﺓ ﺍﻟﻐﻄﺎﺀ ﺍﻟﻨﺒﺎﺗﻲ. ﻣﻌﻨﻮﻳﺔ ﺕﻗﺎ
ﺃﻋﻠﻰ . ﻣﻌﻨﻮﻳﺔ ﻟﻠﻨﺘﺮﻭﺟﻴﻦ ﻭ ﺍﻟﻔﺴﻔﻮﺭ ﻓﻲ ﻣﻮﻗﻊ ﺍﻟﺪﻣﻮﻛﻴﺔ ﻭﻟﻠﺒﻮﺗﺎﺳﻴﻮﻡ ﻓﻲ ﻣﻮﻗﻊ ﺍﻷﺑﻴﺾ ﺕﻓﺮﻭ ﻗﺎ
ﻞ ﺍﻟﻤﺤﺎﺻﻴﻞ ﻣﻊ ﺍﻟﻬﺸﺎﺏ ﺑﻴﻨﻤﺎ ﺃﻗﻞ ﻧﺴﺒﺔ ﻣﺎﺩﺓ ﻭﺟﺪﺕ ﻓﻲ ﻧﻈﺎﻡ ﺗﺤﻤﻴ (04ﻭ02)ﻧﺴﺒﺔ ﻣﺎﺩﺓ ﻋﻀﻮﻳﺔ 
  .ﻭﺟﺪ ﻓﻲ ﻧﻈﺎﻡ ﺍﻟﺰﺭﺍﻋﺔ ﺍﻷﺣﺎﺩﻳﺔ ﻓﻲ ﻛﻼ ﺍﻟﻤﻮﻗﻌﻴﻦ ﻋﻠﻰ ﺍﻟﺘﻮﺍﻟﻲ( 71.0ﻭ 91.0)ﻋﻀﻮﻳﺔ ﻟﻠﺘﺮﺑﺔ 
ﺍﻟﻨﺘﺮﻭﺟﻴﻦ ﻭﺍﻟﻔﺴﻔﻮﺭ ﻓﻲ  ﻭﻋﻨﺼﺮﻱﻣﻌﻨﻮﻳﺔ ﻓﻲ ﺍﻟﻤﺎﺩﺓ ﺍﻟﻌﻀﻮﻳﺔ ﻟﻠﺘﺮﺑﺔ  ﺕﻓﺮﻭ ﻗﺎﻟﻢ ﺗﻜﻦ ﻫﻨﺎﻙ 
  .ﺣﺎﻟﺔ ﺯﺭﺍﻋﺔ ﺍﻟﻤﺤﺎﺻﻴﻞ ﻣﻊ ﺍﻟﻬﺸﺎﺏﺍﻟﻌﻨﺎﺻﺮ ﻭﺟﺪﺕ ﻓﻲ  ﻟﻬﺬﺓﻧﺴﺒﺔ  ﺃﻋﻠﻰﻣﻮﻗﻊ ﺍﻷﺑﻴﺾ ﺃﻻ ﺃﻥ 
ﺃﻋﻠﻰ ﻓﻲ ﺣﺎﻟﺔ ﺍﻟﺰﺭﺍﻋﺔ ﺍﻟﻤﺨﺘﻠﻄﺔ ﺍﻟﻌﻀﻮﻳﺔ ، ﺍﻟﻨﺘﺮﻭﺟﻴﻦ ﻭﺍﻟﻔﺴﻔﻮﺭ  ﺍﻟﻤﺎﺩﺓﻧﺴﺒﺔ  ﺃﻥﻋﻠﻰ ﺍﻟﻐﻢ ﻣﻦ 
ﻣﻘﺎﺭﻧﺔ ﺑﻨﺘﻴﺠﺔ ﻧﻔﺲ ﺍﻟﻌﻨﺎﺻﺮ % 71ﻭ03ﻭ%63ﻣﻊ ﺍﻟﻬﺸﺎﺏ ﺃﻻ ﺃﻥ ﻫﺬﺓ ﺍﻟﻨﺴﺒﺔ ﺗﻌﺘﺒﺮ ﺍﻗﻞ ﺑﺤﻮﺍﻟﻰ 
ﻓﻲ ﻫﺬﺓ ﺍﻟﺪﺭﺍﺳﺔ ﻟﻢ ﻳﺘﻢ . ﻭﻫﺬﺓ ﺗﻌﺰﻯ ﺇﻟﻰ ﺍﻟﺰﺭﺍﻋﺔ ﺍﻟﻤﻜﺜﻔﺔ ﻓﻲ ﻧﻔﺲ ﺍﻟﻤﻮﻗﻊ 9991ﻓﻲ ﻋﺎﻡ 
  .ﺍﻟﻌﺜﻮﺭ ﻋﻠﻰ ﺍﻟﻌﻘﺪ ﺍﻟﺒﻜﺘﻴﺮﻳﺔ ﻓﻲ ﺍﻟﻈﺮﻭﻑ ﺍﻟﺤﻘﻠﻴﺔ
ﻟﻜﻞ ﻣﻦ ﺍﻟﻔﻮﻝ ﺍﻟﺴﻮﺩﺍﻧﻲ،  ﺃﻃﻮﺍﻝ ﺍﻟﻨﺒﺎﺗﺎﺕ ﻣﻌﻨﻮﻳﺔ ﻓﻰ ﺕﺃﻇﻬﺮﺕ ﺍﻟﺪﺭﺍﺳﺔ ﻭﺟﻮﺩ ﻓﺮﻭ ﻗﺎ 
ﻃﻮﻝ ﺍﻟﺠﺬﻭﺭ . ﺍﻟﺴﻤﺴﻢ ﻭ ﺍﻟﻜﺮﻛﺪﻯ ﻓﻲ ﻣﻮﻗﻊ ﺍﻷﺑﻴﺾ، ﻭﺍﻟﺴﻤﺴﻢ ﻭ ﺍﻟﻜﺆﻛﺪﻯ ﻓﻲ ﻣﻮﻗﻊ ﺍﻟﺪﻣﻮﻛﻴﺔ
ﻢ ﻭﺍﻟﻜﺮﻛﺪﻯ ﻓﻲ ﻛﻼ ﺍﻟﻤﻮﻗﻌﻴﻦ ﺑﻴﻨﻤﺎ ﻟﻢ ﻳﻌﻄﻰ ﺍﻟﻔﻮﻝ ﻣﻌﻨﻮﻳﺔ ﻟﻜﻞ ﻣﻦ ﺍﻟﺴﻤﺴ ﺕﻓﺮﻭ ﻗﺎ ﺃﻋﻄﻰ
  .ﻣﻌﻨﻮﻳﺔ ﺕﺍﻟﺴﻮﺩﺍﻧﻲ ﺍﻯ ﻓﺮﻭ ﻗﺎ
ﻭﺟﺪ ﻓﻲ ﻧﻈﺎﻡ ﺯﺭﺍﻋﺔ ﺍﻟﺘﺤﻤﻴﻞ ﻣﻊ ﺍﻻﻫﺸﺎﺏ ﻭﺫﻟﻚ ﻳﻌﺰﻯ ﺍﻟﻰ ﺗﺄﺛﻴﺮ ﺍﻟﻈﻞ ﺍﻟﺬﻱ  ﺭﻃﺐ ﻭﺯﻥﺃﻋﻠﻰ 
ﻣﻌﻨﻮﻳﺔ ﻓﻲ ﺍﻟﻮﺯﻥ ﺍﻟﺠﺎﻑ ﻟﻜﻞ ﻣﻦ  ﺕﻙ ﻓﺮﻭ ﻗﺎﺎﻫﻨ. ﻳﺤﺪ ﻣﻦ ﺗﻜﻮﻳﻦ ﺍﻟﺜﻤﺎﺭ ﻭﻳﻌﻄﻰ ﻧﻤﻮﺍﹰ ﺧﻀﺮﻱ
ivx 
 .ﻣﻌﻨﻮﻳﺔ ﺕﻓﺮﻭ ﻗﺎﺍﻯ  ﺍﻟﺴﻮﺩﺍﻧﻲ ﺍﻟﻤﻮﻗﻌﻴﻦ ﺑﻴﻨﻤﺎ ﻟﻢ ﻳﻌﻄﻰ ﺍﻟﻔﻮﻝ ﺍﻟﺴﻤﺴﻢ ﻭﺍﻟﻜﺮﻛﺪﻯ ﻓﻲ ﻛﻼ
   .ﺯﺭﺍﻋﺔ ﺍﻟﻤﺤﺎﺻﻴﻞ ﻣﻊ ﺃﺷﺠﺎﺭ ﺍﻟﻬﺸﺎﺏ ﻳﻌﻄﻰ ﺇﻧﺘﺎﺟﻴﺔ ﺃﻓﻀﻞ ﻣﻦ ﺍﻟﺰﺭﺍﻋﺔ ﺍﻟﻌﺎﺩﻳﺔ ﺃﻥﻳﺸﻴﺮ ﺍﻟﻰ 
ﻟﻜﻞ ﻣﻦ ( 3.62ﻭ21ﻭ2.02)ﻓﻲ ﻛﻼ ﺍﻟﻤﻮﻗﻌﻴﻦ ﺗﻨﺎﻗﺼﺖ ﺇﻧﺘﺎﺟﻴﺔ ﺍﻟﻤﺤﺎﺻﻴﻞ ﺍﻟﺰﺭﺍﻋﻴﺔ ﺑﺤﻮﺍﻟﻰ 
ﺍﻟﻨﻘﺺ ﻓﻲ ﺇﻧﺘﺎﺟﻴﺔ ﺍﻟﻤﺤﺎﺻﻴﻞ ﺍﻟﺰﺭﺍﻋﻴﺔ . ﻟﺘﻮﺍﻟﻲﺍﻟﻜﺮﻛﺪﻯ، ﺍﻟﺴﻤﺴﻢ ﻭﺍﻟﻔﻮﻝ ﺍﻟﺴﻮﺩﺍﻧﻲ ﻋﻠﻰ ﺍ
ﻳﻌﺰﻯ ﺍﻟﻰ ﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﺸﺠﺮﻳﺔ ﺍﻟﻌﺎﻟﻴﺔ ﻣﻢ ﻧﺘﺞ ﻋﻨﺔ ﻣﻨﺎﻓﺴﺔ ﻋﻠﻰ ﺍﻟﻤﺎﺀ ﻭﺍﻟﻀﻮﺀ ﺑﻴﻦ ﺍﻷﺷﺠﺎﺭ ﻭﺍﻟﻤﺤﺎﺻﻴﻞ 
  .ﺍﻟﻤﺼﺎﺣﺒﺔ ﻟﻬﺎ
ﺃﻭﺿﺤﺖ ﺍﻟﻘﻴﻤﺔ ﺍﻟﻤﻜﺎﻓﺌﺔ ﻟﻸﺭﺽ ﺑﺎﻥ ﺯﺭﺍﻋﺔ ﺍﻟﻤﺤﺎﺻﻴﻞ ﻣﻊ ﺍﻟﻬﺸﺎﺏ ﺗﻔﻮﻗﺖ ﻋﻠﻰ ﺯﺭﺍﻋﺘﻬﺎ ﻛﻤﺤﺎﺻﻴﻞ 
ﻦ ﺍﻟﻮﺍﺣﺪ ﻭﻛﺎﻧﺖ ﺃﻋﻼﻫﺎ ﻋﻨﺪ ﺯﺭﺍﻋﺔ ﺍﻟﻜﺮﻛﺪﻯ ﻣﻊ ﺍﻟﻬﺸﺎﺏ ﺃﺣﺎﺩﻳﺔ ﺣﻴﺚ ﺃﻋﻄﺖ ﻗﻴﻢ ﺃﻋﻠﻰ ﻣ
  .ﻭﺃﺩﻧﺎﻫﺎ ﻋﻨﺪ ﺯﺭﺍﻋﺔ ﺍﻟﻔﻮﻝ ﺍﻟﺴﻮﺩﺍﻧﻲ ﻣﻊ ﺍﻟﻬﺸﺎﺏ
. ﻋﺎﺋﺪﺍﹰ ﺇﻗﺘﺼﺎﺩﻳﺎﹰ ﻣﻮﺟﺒﺎﹰ ﺃﻋﻄﺖ ﺚﺣﻴ ﺗﺤﻠﻴﻞ ﺍﻟﻤﻴﺰﺍﻧﻴﺔ ﺍﻟﺠﺰﺋﻴﺔ ﺑﺎﻥ ﻛﻞ ﺍﻟﻤﻌﺎﻣﻼﺕ ﻣﺮﺑﺤﺔ  ﺃﻭﺿﺢ
ﺤﻴﺔ ﻭ ﺃﻗﻠﻬﺎ ﺭﺑﺗﻠﻴﻬﺎ ﺯﺭﺍﻋﺘﺔ ﻛﻤﺤﺼﻮﻝ ﺃﺣﺎﺩﻯ ﻣﻊ ﺍﻟﻬﺸﺎﺏ ﻛﺎﻧﺖ ﺃﻛﺜﺮ ﺭﺑﺤﻴﺔ  ﺯﺭﺍﻋﺔ ﺍﻟﺴﻤﺴﻢ
  .ﺯﺭﺍﻋﺔ ﺍﻟﻜﺮﻛﺪﻯ ﻛﻤﺤﺼﻮﻝ ﺃﺣﺎﺩﻯ
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CHAPTER I 
1.1 Background  
Acacia senegal (L.) Willd is a widespread species. It occurs naturally in a 
belt 300 km wide extending through the southern frontier of the Sahara 
Desert, from Mauritania to Sudan, Ethiopia, Somalia; also in east Africa 
and extend southward to Mozambique, Transvaal, Natal; along the southern 
coast of Africa and Iran; and in Pakistan and western India (NAS, 1979; 
Brenan, 1983).Acacia senegal produced a superior quality of gum Arabic 
which is an important cash crop and contributes significantly to the 
economies of a number of African countries. It is believed that in areas too 
dry to support agriculture and livestock production, gum arabic is often the 
principal source of revenue for semi-nomadic people (NAS, 1979). In 
addition to producing gum, Acacia senegal is useful as a windbreak, its 
pods and foliage provide good fodder for livestock, the tough wood of its 
tap root and stem is used for tool handles. Strong fiber can be obtained from 
the long, flexible surface roots, and  the dense wood yield excellent 
charcoal (NAS, 1986). 
 Acacia senegal trees in western Sudan is managed in a time sequences with 
agricultural crops such as millet, sorghum, groundnut, sesame and 
watermelon. This traditional Agroforestry system was well acknowledged 
and regarded as sustainable in terms of its environmental, social and 
economic benefits (Ballal,1991). This Agroforestry system is called bush 
fallow system (Gum cultivation cycle), which is similar to shifting 
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cultivation allowing a fallow period of 10-15 years. The system was 
described by many authors (Obeid and Seif ElDin, 1970; Awouda, 1973; 
Philip, 1975; Hussein, 1983;  Badi et al., 1989 and Ballal,1991).The gum 
cultivation cycle starts by clearing an old gum garden (15-20 years old) for 
cultivation of crops such as millet, sesame, groundnut, roselle and water 
melon. Clearing the trees is made such that 10 cm high stumps are left to 
initiate vigorous coppice re-growth. The cleared area is cultivated for a 
period of 4-6 years, during which time any coppice shoots re-growth is cut 
to enhance establishment and growth of agricultural crops. However when 
soil fertility is decreased, cultivation is decreased and the area is left under 
the bush fallow which is the Acacia senegal. 
The gum cultivation cycle is practiced as a means of restoring soil fertility 
and promoting gum arabic production (FAO, 1978; DANIDA, 1989).  
During the last decades, with increasing human and animal population, 
desertification increased by mis-use of land resources such as over-
cultivation, over-grazing and over exploitation of major resources. This has 
resulted in severe losses in soil fertility and significant declines in yields of 
crops and trees (Ahmed, 1986; Ballal, 1991; Fadl and Gebuar, 2004).  Sef 
El Din (1984) reported disruption of the old cycle of cultivation and fallow 
in many parts of Western Sudan. As a result the fallow period has been 
reduced to less than 11 years (Sharawi, 1986). In the extreme cases of over-
cultivation the fallow periods are even reduced to only one or two years 
resulting in complete eradication of the tree (Seif Eldin, 1984). Hummer 
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(1982) pointed out that the bush fallow cannot work under present 
conditions and hence a more improved system that maximizes crop 
production while securing additional income from gum is to be followed.         
1.3 Overall aim and specific objectives  
 In the light of the above introduction, the overall objective of this study is 
to characterize the existing gum cultivation cycle practiced in North 
Kordofan, to find out the factors affecting the sustainability and stability of 
the cycle. 
The specific objectives are: 
1. To investigate the tree/crop relationship within the gum cultivation 
cycle. 
2. To gauge the biological status of the cycle. 
3. To monitor and evaluate growth performance and yield of the major 
field crops (groundnuts, sesame and roselle). 
4. To determine the soil moisture and soil macro-nutrient in the 
different cropping systems. 
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Fig1: Map of North Kordofan State Showing the Experimental Sites in 
El- Obeid Research Farm  and Eldemokeya Forest Reserve. 
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CHAPTER II  
LITERATURE REVIEW  
2.1 General characteristic of Acacia senegal (L., Willd) 
According to El Amin (1990), Acacia senegal is a shrub or small trees 2-12 
meters high with yellow to light brown or grey bark which is rough, 
fissured or flaking. Prickles are found at nodes in threes: two laterals 
pointing upwards or forwards and one central pointing down wards or 
backwards. 
Acacia senegal is a major source of gum arabic in Sudan producing more 
than 90% of exported gums. In addition to producing gum Acacia senegal is 
useful for windbreak, its pods and foliage provide a good fodder for 
livestock, the tough wood of its tap root and stem is used for tool handles. A 
strong fiber can be obtained from the long, flexible, surface roots, the dense 
wood yields excellent charcoal, and the trees enrich the soil through their 
ability to fix nitrogen and litter mineralization (NAS, 1986). The higher 
soils fertility around the trees was considered to be due to biological 
nitrogen fixation and the combination of falling leaves, pods and root 
decaying adding soil organic matter and leading to more availability of N 
and higher C/N ratio. Acacia senegal plantations proved to be beneficial in 
retaining the depleted nutrients; the ameliorative effect was most 
pronounced on carbon and nitrogen contents (Hussein et al., 1998). Acacia 
senegal is recommended for Agroforestry; it is incorporated in the bush 
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fallow cultivation cycle which was described by Hussein (1983). The tree 
provides 
1. Revenue from gum. 
2.  Fertility to the soil. 
3.  Protection of the soil against runoff and wind erosion. 
4. Protection of farm from moving sands. 
5. Cash and employment during the dead season in  winter.  
6.  Fodder to livestock. 
2.2  Distribution of Acacia senegal (L., Willd)  
The origin of Acacia senegal is reported by FAO (1956) as the dry tropical 
and sub tropical Africa. According to NAS (1979) and Ross (1979), the tree 
occurs naturally in a belt 300 km wide extending through the Sahara Desert, 
from Mauritania to Sudan, Ethiopia, Somalia; also in east Africa and 
extends southwards to Mozambique, Transvaal, Natal; along the southern 
coast of Africa and Iran; and in Pakistan and north west India. It is also 
reported to occur in Ivory Coast (Ross, 1968). 
Andrews (1984) divided the Sudan into seven vegetation regions, which 
still form the basic classification in the Sudan. In this early classification, 
the gum belt was included in the Acacia short grass scrub region. The 
wetter parts of this region are favorable for hashab (Acacia senegal) growth. 
This continues in the wetter vegetation zone in the south (Badi et al., 1989). 
On the other hand, Harrison and Jackson (1958) classified the gum belt 
under low rainfall woodland savannah on clay and sand, and special area. 
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The same authors reported occurrences of the species as a component of six 
plant communities as fallow: 
1. Acacia mellifera  thorn land on dark cracking clays, and Acacia 
mellifera on hill soil. 
2. Acacia seyal- Balanites savannah alternating with grass areas. 
3. Acacia senegal savannah. 
4. Combretum cordofanum- Dalbergia- Albizia sericocephala 
savannah woodland. 
5. Terminalia – sclerocarya –Anogeissus- prosopis savannah zone. 
6. Baggara repeating pattern. 
2.3 The gum belt 
In general, Acacia senegal is found naturally in a belt commonly known as 
gum belt (Latitude 100 and 140 N). This broad ecological region represents a 
complex and diverse environment with regard to climate, soils, vegetation, 
animals and human activities (Ballal, 1991). These factors were reported by 
Seif Eldin (1984) to have an impact on gum yield. The species occurs under 
annual rainfall of 280- 450 mm in sandy soils, in Kordofan, Darfur and 
western White Nile. Also, under an average rainfall of 500 mm in the 
central clay plains (Ahmed, 1986; Badi et al., 1989; Hussein and Sulieman, 
1999) but can even grown under 200 mm of rain, with 8-11 arid months, to 
800 mm (NAS, 1980). The latter rainfall can cause water longing in clay 
soils and might hamper the growth and survival of the species. However, in 
southern Sudan the species is reported to occur in the stony soils of Juba 
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where the rainfall is above 900 mm. The impact of such high rainfall as 
described by IIED and IES (1989) is depressive to gum yield by causing 
prolonged vegetative growth. The main annual temperature within the 
species range is 25 -27 0C and the mean maximum is 45 0C (Goor and 
Barney, 1976). NAS (1979; 1980) reported an average of 14 0C and 43 C in 
the Sudan. 
The Acacia senegal trees occur in a variety of soil types ranging from 
gravelly or stony to sandy, clay and alluvial soils. Giffard (1975) described 
the soils in the gum belt zone in Africa as slightly acidic to neutral sandy 
soils characterized by dominance of coarse particles. They contain a high 
proportion of quartz and some feldspar, poor in organic matter and nitrogen. 
The permeability of these soils is high and the speed of infiltration 
(measured by Muntaz methods) is around 95 cm/h. Hussein (1983) in 
Kordofan found that carbon and nitrogen contents in the 10 cm depth are 
higher in soils under old forest sites of Acacia senegal compared to soils in 
arable lands. In addition, the species is found on other soil type such as the 
pediplain soils locally known as “gardud” and Nagaa soils in South 
Kordofan and South Darfur (IIED and IES, 1989). 
According to El Khalifa et al., (1989), the main factors causing the 
degradation in the gum belt could be summarized in:  
1. The recurring drought conditions of 1972 and 1984, 1990 which 
affected the trees in the belt especially on its Northern limits where 
the Hashab was almost completely wiped out. During these droughts 
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most of the trees kneeled over and tumbled to the ground level after 
their roots were destroyed by the insects and pathogens.  
2. Farmers have resorted to felling trees in the gum gardens to expand 
the areas for food and cash crop production as this is economically 
more rewarding than production of gum arabic.  
3. Large areas of naturally growing hashab were cleared in the eastern 
and central clay plains as well as recently in the clay plain of 
Southern Kordofan, for mechanized crop production.  
4. Poverty is prevalent in the areas of Hashab where cash is hardly 
available. This problem is worsened by the shil system where credit 
is made available by local traders to the farmers by selling expected 
crops at low prices to obtain badly needed items. Thus the remaining 
cash with the farmers is low and is hardly sufficient for their 
immediate needs. The farmers under these circumstances resort to 
felling trees of Hashab as there is a ready market for wood or 
charcoal. Thus the Hashab trees are an immediate source of ready 
cash. Large areas have been depleted in this way.  
5. Lack of incentives which encourage farmers to plant the Hashab tree.  
6. There may be other sociological factors which might have lead to the 
degradation in the gum belt.  
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There has been a need for rehabilitation of the gum belt. National and 
International efforts were carried out in this regard. These include the FNC 
activities in the rehabilitation of the forest reserves and the abandoned 
mechanized crop production schemes (Bayoumi et al., 2001).  
Also communities’ participation was practical for the rehabilitation of the 
gum belt and several community based projects were implemented e.g. 
UNSO,  SOS, ODA, NORAD, CARE … etc. (Ali, 2003).  
 
 
 
 
 
 
 
 11 
 
 
Fig2: Boundary of the Gum Belt 
 
 
Figure3: Distribution of Acacia senegal in Sudan 
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2.4The gum cultivation cycle 
The failure of A. senegal to regenerate in many localities within its natural 
habitats seems to be associated mainly with land use practices (Sef Eldin, 
1970). The old gum gardens formed parts of extensive areas over which 
there was a well defined system of rotational cultivation, the bush fallow 
system. The cycle was started by clearing a gum gardens in order to grow 
crops like millet, sesame, groundnuts, roselle and water melon. The old 
gum trees might be cut down, but young trees and seedlings were pruned 
back close to the ground so as to keep them a live throughout 4-6 years of 
arable cultivation. The resulting coppice shoots were cut back during 
weeding operations, but new growth continued even during the early 
months of the dry season. This went on throughout the crop cultivation 
cycle, after which the land was left to revert to bush fallow. Gum acacia 
with living stumps already present, soon formed more or less uniform stand 
on the abandoned plot and after 3-4 years, when the shoots were 2-3 m 
high, gum collection began (Seif Eldin and Obeid, 1970). The new gum 
gardens were giving their maximum yield in 7-10 years and were cleared 
again for cultivation in 10-15 years. The length of the full cycle was 15-20 
years in general. Jakson& Shawki (1950), comment that on the whole the 
effect of the system is probably beneficial. Hashab,( A. senegal) being a 
leguminous plant, is believed to improve the soil, and cultivation facilitates 
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it natural regeneration. Both the forest crop and agriculture farm a 
productive part of rotation. 
At the present time the cultivation cycle is still basically the same in many 
areas, but there are certain changes due to the increasing human and animal 
population and the general decrease in water supplies. Where the water 
supply has seriously diminished, villages moved closer to new resources. In 
such cases the gum gardens are left and even usually become over-mature. 
The trees began to die of old age after being weakened by repeated grass 
fires, and natural regeneration was lacking or insufficient to maintain pure 
stands of A. senegal , so that these are replaced by mixed scrub. 
Increasing human and animal populations has led to lengthening of the 
period of cultivation and shortening of the fallow period to 1 or 2 years. In 
general the main factors affecting the cycle and the gum production could 
be summarized as fallow: 
1.  Drought and desertification. 
2. Increasing human and animal population. 
3. Fires. 
4. Mechanized farming. 
5. Commercial farming on goz. 
6. Browsing of hashab trees by camels. 
7. Using of hashab trees for fuel wood and construction materials. 
8. Insects specially the tree locust. 
9. Lacking or inadequate supply of water. 
 14 
 
 
2.5 Sustainability of the Cycle 
The environmental sustainability of the gum production system involves 
mainly its impacts on soil fertility. Acacia senegal is often reported to 
fix nitrogen (Pearce, 1988; Barbier, 2000) and, if so, it would be an 
important contributor to farming systems in which use of fertilizers is 
rare or non existent. The nitrogen fixing potential of Acacia senegal is 
nonetheless in some doubt (Deans et al, 1999). There is little 
information on the effect of the Hashab trees on properties of sandy 
soils (El Tahir et al, 2004). El Tahir and colleagues compared the effect 
of Acacia senegal, Acacia seyal, and Acacia tortillis after 3 years from 
planting and found higher nitrogen levels under Acacia senegal, even 
though it could not be proven that the tree fixes nitrogen. Another study 
in the sandy soils of Sudan found higher nitrogen and soil organic 
carbon levels under the Acacia senegal canopy than outside (Gerakis 
and Tsangarakis, 1970). However, neither study could conclude 
whether the higher contents were a result of nitrogen fixation or, for 
example, accumulation from litter and wind- blown plant debris. 
Studies in Senegal found that no nitrogen fixing nodules existed on 
adult trees (Bernhard & Reversat, 1982). Even though there is no proof 
that the tree fixes nitrogen, it is clear that it improves soil fertility. 
The wood is important for fire wood and construction. Acacia senegal 
together with Acacia mellifera are preferred for charcoal making in the 
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central parts of the Sudan. The importance of Acacia senegal as a 
building materials and fire wood is of course a threat to environmental 
sustainability, as the trees reduce soil erosion and improve soil fertility. 
The economic importance of these factors cannot always be taken into 
account as the profits need a longer time perspective. 
Poverty alleviation is one of the main aspects of gum production in 
socioeconomic sustainability. Gum arabic provides smallholders with 
important sources of income during its harvest period in the dry season, 
at times when income from other agricultural crops is low. As the 
labour input and finance output occur during a different time period 
compared to other crops, gum is a way for smallholders to diversify 
their livelihoods and to alleviate the risk for substances during crises. 
However, it has to be borne in mind that gum arabic can only alleviate 
the risk if the money received can be used to buy food. For example, 
during and after the severe drought and famine in the mid 1980s, it 
becomes obvious that the supply of food through the local markets had 
failed. Even in the midst of the sever drought of 1984- 1985, there was 
no net shortage of food at the national level and the country continued 
to export food (Olsson, 1993). To smallholders, this implies that the 
food markets cannot be trusted in time of crisis and producing food has 
therefore, become a priority. Even if gum production has the potential 
to generate income, the income dose not help if food becomes 
unavailable in the market. Little has been documented about the 
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economic contribution of resins to rural households. In Ethiopia, the 
economic return on gum from Acacia senegal and other trees species is 
estimated to make up one third of the total income (Lemenih et al, 
2003). 
Another potential for gum production is the role it could play in 
implementation of international agreements on climate change (UN 
Frame work convention on Climate Change, UNFCCC), desertification, 
UNCCD) and biodiversity (UN Convention on Biodiversity, UNCBD). 
Promoting gum production over the vast land areas of the Sahel would 
result in benefits for all three conventions. Carbon would be sequestered 
in the ecosystem, land degradation would be counteracted and favorable 
conditions for biodiversity would be enhanced.   
2.7.1 Climatic desertification 
Almost the entire country, including the gum belt, is within the 
boundaries of arid and semi-arid climatic zones which are characterized 
by a naturally fragile ecology. It is subjected to degradation due to 
prevailing pattern of rainfall. Throughout the zones, rainfall is 
characterized by irregularity, uncertainty and wide variability in 
amount, time and distribution. Further more, the annual rainfall patterns 
are characterized by high frequency of drought. 
During the last 75 years, several droughts occurred in the region. The 
adverse effects of droughts on vegetation and animal group cannot 
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always be reversed in the short term, even with succeeding years of 
favorable rainfall. 
It is evident that the causes of environmental degradation in these 
fragile eco-systems result from an imbalance between the environment 
and land and natural resources uses. Misuse of natural resources could 
be considered as the most important causes of degradation. Major forms 
of resources mismanagement in the savannah belt of Sudan have been 
experienced: 
1. Expansion in cultivated land and conversion of forests and wood 
lands, especially beyond the agronomic boundary, into cereal 
cultivation. 
2. Misuse of rangelands by pastoral nomadic systems, resulting from 
improper management, increases in livestock population and 
unbalanced distribution of animals. 
3. Over cutting of trees for wood fuel and other purposes, leading to 
irreversible devastation of the tree cover in many areas. 
Evidence from the field survey of the gum belt confirms that Hashab as a 
tree cover, and gum production as an economy, were in balance with other 
forms of land uses up to early 1960s.  
2.7.3 Increases of land under oilseed crops. 
According to El Khalifa et al., (1989 the increase in land under oilseed 
production is specific to the sandy areas of Kordofan and Darfour. It began 
in the early 1960s and still continues. This expansion results from farmer 
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interests in increasing cash returns from crop farming. It was assisted by 
government policy which favored the exports of oilseed crop to increase the 
country foreign exchange earnings. The returns from oilseed cultivation are 
immediate, compared to deferred return from rearing the Hashab trees. The 
low price of gum, which prevailed for most of 1970s, induced farmers to 
neglect their gum crop, remove the Hashab tree and put the land under 
oilseed crops. In Kordofan region for example, the total cultivated land in 
1960s was 1.5 million acres, compared to a total of 6 million acres at 
present. Other factors which have been influential include population 
increases and the growing trend of commercial agricultural production 
outside mechanized farming, such as traditional groundnut production in El 
Nahud area.  
2.7.4 Expansion of mechanized farming 
According to  El Khalifa et al., (1989) the mechanized farming  starts in 
1940s, with continuous additions in areas brought under the plough, to 
reach the peak of expansion in the period between the mid 1970s and the 
mid 1980s. This has been particularly effective in the clay plains of south 
Gedarif and south Blue Nile, with all the indications showing that south 
Kordofan is following the same trend. The clearing of large tracts of land of 
vegetation, including Hashab, to make room for the mechanized schemes, 
has reduced the actual and potential gum production capabilities of the clay 
areas of the gum belt. The total area under mechanized farming at present is 
estimated to be 30 million acres. Over one million feddans of 
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Hashab(natural forest with more than 70 percent of Hashab have been 
cleared since the advent of mechanized farming in southern Blue Nile 
provenances in 1956 ( El Khalifa et al., 1989). 
2.8 Nitrogen fixation 
Incorporation of atmospheric nitrogen into the soil is achieved     mainly 
through two pathways: Non- symbiotic fixation and symbiotic fixation. 
Non-symbiotic fixation is performed by agents living freely in the soil like 
Azotobacter (aerobic), clostridium (anaerobic) bacteria, and the 
photosynthetic microbes, e.g. blue green algae that utilize sun light as a 
source of energy and feed on different organic material and salts to 
elaborate their food. Other agents, e.g. actinomycetes can fix nitrogen either 
individually or collectively but with lesser degrees than the previously 
mentioned agents. Nitrogen fixation by the free agents may amount to 20-
40 kg/ha/yr. in temperate regions. But higher quantities are undoubtedly 
fixed in the tropics where favorable conditions prevail for the activity of 
bacteria and algae (Nair,1987). 
Symbiotic nitrogen fixation is achieved by agent among whom the genus 
Rhizobium is the most popular one. It seems that they live in special and 
definite relationship with leguminous plants from which these agent draw 
energy and reducing substances. Favorable conditions (especially pH) for N 
fixation vary according to the kind of relationship between the microbe and 
the plant, but the availability of oxygen is indispensable in all cases. It was 
observed that quantities of N fixed through symbiotic relationship were far 
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higher than those produced by non-symbiotic pathways, generally in the  
order of 150 kg/ha/year (Nair, 1984).  
Various studies have given estimate of amount of nitrogen fixed under 
natural conditions of tropical forests. Greenland (1975) has estimated that is 
young redeveloping tropical forests, vegetation accumulated nitrogen at the 
rate of approximately 100 kg/ha/ year. 
Greenland and Nye (1959) have mentioned that soil increment was 
probably between 20 and 50 kg/ha/year. 
Radwanski and Wickens (1969) found that soil nitrogen increased under 
Acacia albida but not under the non-leguminous trees such as Balanites 
aegyptiaca and Guiera senegalensis. Leguminous plants may fix about 224 
kg or more of nitrogen per hectare each year if effective strains of proper 
root nodules bacteria are present in the soil. Average fixation value usually 
range between 56 kg and 112 kg/ha/year, depending on the kind of the 
leguminous plants (Franklin, 1957). 
Supplementary quantities of nitrogen and other elements are brought into 
the soil by atmospherical inputs, in the form of wet and dry depositions i.e. 
through precipitation, dusts, smokes, aerosols..etc. these inputs are presently 
considered as noxious pollutants rather than beneficial additions. They are 
mostly due to the increased anthropogenic activities such as agriculture, 
industry, home activities particularly in urban communities.   
Nitrogen-fixing root nodules are found in 10 plant families containing trees 
and shrubs associated with Rhizobia (Janet and Richard, 2000).  
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The rhizobia which nodulate trees are extremely varied: indeed, many of the 
rhizobial genera and species which have been described in the last 10 years 
have been isolated from Tropical/sub-tropical trees, particularly species of 
Acacia (Janet and Richard, 2000).  
Tree species studied to date show a range in specify, but in general are 
rather promiscuous in the rhizobia with which they nodulate (Batzli et al., 
1992; Odee eta l., 1995). Frequently this is reflected in a range of nodule 
affectivity nodules with few or no bacteria may occur on the same root 
system as ones which are fully effective, as judged by internal coloration 
(Odee, 1993). Further, probably because provenances of most tree species 
have not been selected for N2 fixing ability, the number of nodules per plant 
can be very variable. For example, Odee et al., (1995) found that when 
Acacia xanthophloaea was planted in soils from 12 sites in Kenya nodules 
number varied between 0 and 206 nodules per plant. Räsänen (2002) 
reported that the nodulation might be seasonal and therefore absent at the 
time of sampling.  
Masutha et al., (1997) tested seven tree legumes with agroforestry potential 
for their capacity to nodulate with indigenous rhizobia or bradyrhizobia in 
soils collected from different ecological zones in South Africa. They found 
that, all the tested species, except Acacia senegal, could effectively nodulate 
with root-nodulate bacteria. Alatalo and Luukkanen (1989) reported that 
visible nodules inducted by nitrogen fixation bacteria were recorded in only 
two cases out of some samples of A. senegal seedlings that were planted in 
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Tendelti area in Central Sudan. Searching of nodules from adult trees is a 
very tedious work (Bernhard-Reversat, 1982 and Högberg, 1986).  
The legumes develop nodules only if the soil is poor in N, because 
development, maintenance, and function of nodules require extra energy 
and other resources from the plant (Rasanen, 2002). Young Acacia and 
Prosopis trees and seedlings usually nodulate if the soil is deficient in N 
(Jankins et al., 1988a), but it has been difficult to recover nodules form 
adult trees (Högberg, 1986 and Virginia et al., 1986). This has led to the 
question, whether these trees actually fix N2 in the field. Monk et al. (1981);  
Langkamp et al. (1982) and Hansen & Pate (1987) reported that, a reason 
for the apparent lack of nodules might be that in areas with wet and dry 
seasons, nodulation and N2 fixation are seasonal, nodule activity being at its 
highest during the wet season. It is generally believed that the tree nodules 
are perennial (Allen and Allen, 1981).  
Another reason for the absence of nodule observation might be that the 
deep-rooted woody legumes bear nodules in deep soil layers (Rasanen, 
2002). Root nodules of Prospis glandulosa were found in depths of 3 – 7 m 
in Soronan Desert (Jenkins et al., 1988b). in addition, nodules were not 
regularly distributed but occurred in patches scattered both in the vertical 
and horizontal plane (Johnson and Mayeux, 1990). It is not  known whether 
the nodulation near the soil surface is inhibited by unfavorable conditions 
(e.g. low moisture, high temperature) or due to the elevated N content 
(Rasanen, 2002).  
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2.9 Gum yield 
According to Ballal ,(1991), tapping of the gum tree generally starts when 
the trees are 3-7 years old with a height of about 1.2-3.7 m and diameter of 
5 cm. However, the trees from coppice are tapped at the age of 3-4 years 
age, while trees from seedling are tapped at the age of 5 year. In addition, 
the trees grown naturally are tapped at the age of 6-7 years old. Gum yield 
varies considerably with variation in the genetically make up of the tree, its 
environment and management practices such as tapping methods and 
intensity of tapping (Ballal, 1991). The same author cited variable gum 
yield figures ranging from 0.1-2 kg/ tree/ year as reported by different 
authors (FAO, 1978; NAS; 1979, and Ballal, 1991). Ballal, (1987) 
investigated the effect of time and intensity of tapping (the number of 
branches tapped per tree), showed that earlier tapping as in mind October 
significantly increases gum yield. The mean yield was only 7.1-8.8  kg/tree/ 
year in late tapping e.g. 30th November and 15th December, respectively. 
The same author recommended that tapping the minimum number of 
branches per tree is necessary for sustaining yield without weakening the 
tree. 
Gum exudation occurs after cutting the bark of the tree by a sharp tool 
locally known as “Sonki” or sometime by axe. The first collection of gum is 
started after 40 days from the tapping. Consecutive picking are made every 
10-15days reaching up to seven pickings (Hall, 1961). Usually the gum 
nodules are picked from the stem or branches by using the tapping tool in 
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case of nodules not accessible by hand. The maximum total yield was 
obtained by the mid or end of February and is obtained from the second to 
fourth picking, (Gum Research Annual Report,1978, 1979). 
Awouda (1974), NAS, (1980) and Ballal  (1991) estimated the productive 
life span of the tree as 20-25 years, in which it is supposed to reach its full 
maturity. However, the latter author has also reported on cases where the 
tree reaches over 40 years of age and still capable of gum production. Abdel 
Rahman (2001) reported that most of collection of gum arabic is from 
natural stands. The yield from these stands is low because of the effect of 
many factors namely rainfall, grass fires, insect, and soil type. Ballal (1986) 
investigated the growth performance, density and gum yield of natural 
stands at El Demokeya Forest Reserve. His finding showed a density of 
about 50 trees per hectare. He also found that the low gum yield from these 
trees is due to the effect of grazing by animals.   
2.10 Some examples of Agroforestry systems 
2.10.1 Trees on crop land 
This category includes three systems, scattered trees on cropland, boundary 
planting and intercropping of annual crops between rows of trees. Scattered 
or dispersed trees in cropland are widely spread in semi-arid tropics. It is 
based on trees dispersed in cropland either singly or in clumps. The most 
important species in these systems are Faidherbia albida and Acacia spp in 
the semi- arid East and Southern Africa. Trees in these systems are derived 
from natural regeneration and protected by the farmers to provide them with 
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products such as fodder, fruits and fuel wood, in addition to increasing the 
production of surrounding crops.  Boundary plantings involves tree planting 
on farm and field boundaries, soil conservation structures and terraces, 
intercropping systems use widely spaced rows of trees and include fast 
growing trees. The role of trees in boundary planting and intercropping 
systems is mainly to provide poles, fuel wood and fodder. 
The distinct tree/crop interaction zones can be distinguished in these 
systems (Rao et al, 1998) these are  
1. Zone of light and root competition 
2. Zone of light root competition some area beyond the tree crown 
3. Open cropped areas that are relatively free from competition 
4. Competition is affected by tree species, climate and soil. Studying 
and understanding these three zones is essential for determination 
of the optimum tree density and appropriate pruning regimes to 
maximize resources use and productivity of the systems. 
2.10.2 Improved fallows  
Improved integration of leguminous trees and shrubs among traditional 
system in Western Sudan offers potential for improving crop sustainability 
(Saad et al, 1990). In term of crops, the major goal is to stabilize or improve 
the agronomic resource base. Alley cropping offers poor prospects because 
of its complex labor- intensive management, and its dependence on high 
yield of nutrient – rich leaves (Bunderson et al, 1990). In region where 
fallow periods decline at the expense of crop and soil productivity, 
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significant improvement can be made through improved fallow. This can be 
done by deliberately planting one or more valuable perennial species to 
shorten the unproductive fallow period without sacrificing the ability to 
restore productivity (Vergara and Nair, 1985; Weinstock, 1985). 
In the sandy goz soils of north and west Kordofan, improved fallows with 
Acacia senegal are already practiced. Historically, this has been promoted 
based on income generated from gum Arabic production. Considerable 
expansion in the trees integration could be achieved by emphasizing other 
benefits, notably soil restoration, fuel wood and fodder production. For 
cracking clays of the Nuba Mountains, similar practices could be advocated, 
but with different species. The most likely candidates are Acacia seyal, A. 
polyacantha, and Balanites aegyptiaca because of their environmental 
adaptability and multiple uses or products.   
Generally in improved fallow selected tree species are either planted or 
retained from natural regeneration with some management (Rao et al, 
1998). There are two types of tree planted fallows. 
1. Short duration fallow with fast growing leguminous trees or shrubs 
established to improve soil fertility to support food crop production. 
2. Medium to long duration fallow with a variety of species established 
for rehabilitating degraded lands and for utilization of tree products. 
            Planted fallow is an improvement over shifting cultivation because 
the soil will be replenished in shorter time through management operations 
(Rao et al, 1998). Planted fallows are expected to improve the soil faster 
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than hedgerow intercropping and shifting cultivation because the land is 
completely covered by fast growing tree species. Improvements depend on 
tree species, length of fallow, soil and climatic conditions. 
2.10.3 Permanent tree intercropping 
According to Saad et al, (1990), permanent tree intercropping is an extreme 
form of improved fallow, and represents simultaneous combination of 
annual and perennials that transform shifting cultivation or bush fallow 
cultivation into more permanent, continuous Agroforestry practice. A good 
example is the Acacia albida farming system on Jebel Marra in Drfour, as 
well as other regions of Africa, including the Sahel and Southern Africa. 
The benefits of tree to crops, livestock, soils, and the micro climate have 
been reported fairly extensively and need not to be repeated (Felker, 1978). 
As pointed out earlier, trees deliberately retained on cultivated land in 
Western Sudan include Acacia senegal, Balanites aegyptiaca, and Ziziphus 
spina-christi. The intercropping system, as opposed to the rotational form of 
Agroforestry, refers to continuous presence of both annual crops and 
perennial group of plants on the same site under any of the various types of 
spatial arrangements. One major advantage is its ability, if properly 
implemented to continuously yield food crops and tree products from the 
same site without intervening (idle) fallow period. An important reason for 
this unbroken productivity is continues rather than intermittent roles of the 
planted trees in reducing nutrient drain and maximizing nutrient input. 
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From intercropping study in south Nigeria consisting of intercropping of 
Young Gmelina arborea with maize, yam or cassava, it was found that the 
practice usually resulted in a slight but significant increase in soil nitrogen 
and phosphorus and decrease in organic carbon and no change in 
exchangeable base and PH compared with the soil under Gemilina (Agbeda, 
1980). The impact of intercropping N. fixing  trees on levels and 
sustainability of yield can be dramatic, for instance Kang et al, (1985) and 
Nair (1984) have shown that intercropping with Leucaena in Africa 
maintain  a reasonable corn yield over time. Fadl and Gebauer, (2004) 
studying the performance and yield of groundnut, sesame and roselle in 
intercropping with Acacia senegal in Eldamokeya Forest Reserve in North 
Kordofan State, showed that yield of groundnut, sesame and roselle was 
significantly reduced in the intercropping system compared with the 
control. Yield reduction in groundnut (53%) was much higher than in 
sesame (6%) and roselle (14%).  
The adoption of intercropping depends to a large extent on the farmer 
perception of the economic rewards from such practice which are greatly 
influenced by the nature of the land tenure adoption of any new technology 
depend on how such technology is conveyed to the user, and how such 
prospective users perceive the benefits from the adoption. 
2.10.4 Improved home and irrigated gardens  
Home and irrigated gardens are neglected as an important, integral part of 
traditional farming systems, because of their small size and apparent in 
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significance (Saad et al, 1990).  Yet they play a vital role in food production 
and income generation during the critical periods. Home and irrigated 
gardens offer diversification, cash cropping, enriched diets, risk 
minimization, and relatively high return to labour. 
Their small size and proximity to house hold permits more intensive 
management in term of labour and other inputs; hence they are of a 
comparative advantage for successful Agroforestry improvements. 
Suggested interventions include live fences from species of Acacia, 
Prosopis, and Ziziphus to better protect these plots from animal damage, as 
well as to provide fuel wood, fodder, green manure, and/or fruit. Multi 
purpose species such as Acacia albida, Azadiractha indica and various fruit 
trees could also be integrated within or around the gardens and household 
compound to provide similar products.  
 2.10.5 Shifting cultivation 
Shifting cultivation, (also known as bush fallow or slash and burn 
agriculture) is still the dominant crop production system practiced in the 
tropics. It is estimated to extend over approximately 30 percent of the 
exploitable soil of the world (360 million hectares) and provides 250 
million people with a means of subsistence (FAO, SIDA, 1974).  The 
practice can be described, as a land use system in which a forest land is 
cleared and cropped for a few years, and then left for the generation of 
fallow period being much longer than that of cropping period. 
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Despite the remarkable similarity in shifting cultivation practiced in 
different part of the world, two main forms can be distinguished: shifting 
cultivation in which forest land is cleared during the dry period, burning the 
debris before the first heavy rains and planting crops such sorghum, millet, 
maize, rice … etc, and the major form of shifting cultivation practiced in 
savannas, especially in western Sudan, in which the farmer cultivates the 
agriculture crops with Acacia senegal which is tapped for gum arabic 
production. Villages are surrounded by cultivated areas dominated by 
millet, sesame, sorghum, and groundnuts; mixed or pure stands, millet are 
the major filed crops.    
Fallowing is the principal means of restoring soil fertility, and is usually 
practiced after 3 to 5 cropping seasons. Many farmers in the sand soils of 
Kordofan and Darfour plant Acacia senegal in the fallow land for gum 
Arabic production as an important source of house hold income. Acacia 
senegal in Western Sudan serves a major role in soil conservation, restoring 
fertility and providing fuel wood and fodder.   
2.10.6 Acacia albida Farming System 
The lower slopes and high land of Jebel Mara mountain in Darfur province 
are the most common areas in Sudan where Acacia albida is integrated with 
local farming systems. Although used in other parts of Western Sudan, 
Acacia albida is much more abundant in Jebel Mara. The Fur the major 
tribe in the area, cultivate semi permanent terraced fields of millet and other 
subsistence crops under multipurpose trees dominated by Acacia albida but 
 31 
 
including species such as Cordia abyssinica and Ziziphus spina- Christi 
(Miehe, 1986). These trees have been retained for their beneficial effect on 
food production, as well as for fuel wood and fencing materials. The system 
has supported a densely settled population for centuries, but recent out 
migration has caused a gradual return to shifting cultivation (Miehe, 1986). 
Present subsistence farming in the region is more exploitive in nature 
resulting in decreased tree cover, increased danger of soil erosion, and 
declining soil fertility. Given the nature of terrain and the areas higher 
rainfall, a plan of action for systemizing Agroforestry is urgently needed. 
2.11 Effect of vegetation on soils 
World experience has shown that soil properties are influenced by tree 
species. That means, trees may lead to appreciable long-term changes in 
soil properties resulting in progressive evaluation depending on the 
species and soil type under the particular environment and biological 
complex influencing the rate of change, which is usually slow. Significant 
changes on the surface soil properties brought about by tree species on 
brown earth were indicated by Hussein (1974). In the Sudan, no serious 
research work has been done along this line, and the available literature is 
scanty. However, trees can influence the soil properties, especially in the 
savannah zone, where shifting cultivation has long been practiced under 
the bush fallow farming system. This confirms that trees at least maintain 
soil fertility which is quickly depleted by continuous traditional cropping. 
Greenland, (1960) reported that in the tropics replacement of forests by 
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savannah grassland leads to permanent lowering of soil fertility. 
Radwnaski and Wickens (1967) showed that soils under Acacia albida in 
Western Sudan are black, moist, and well- developed, with a stable crumb 
structure and many roots absorbing water freely in contrast to the 
compact, dry, weak, and unstable soil liable to sheet erosion where is no 
tree cover; the corresponding difference in crop yield was significant. In 
fact acacias are reputed to increase soil fertility.     
The role of vegetation in improving the environmental conditions is 
increasingly appreciated nowadays. Forested formations are the most 
efficient in this respect in comparison to other vegetation formations. It is 
believed that vegetation, notably the tropical rain forest, can positively 
influence the global climate. Beside, it is well known that, forest affect the 
environmental condition in their immediate vicinities, in a number of ways: 
1. Trees can secure a smooth infiltration of specially the violent rains 
and hence prevent the hazard of floods on soils and civil 
establishment. 
2. Relative humidity is higher under and near forests than in the open 
space. Water infiltration into the soil is also greatly improved under 
the forests particularly in the presence of litter (Eggeling,1942). 
3. Trees can affect the air temperature through regulation of the radiant 
heat and thus can prevent the occurrence of extreme hot and cold 
conditions (Rusell, 1973). 
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4. Forests regulate wind velocity and therefore check and mitigate the 
harmful effects of violent winds; windbreaks are especially 
established for this purpose to protect urban dwellings, agriculture 
and livestock (William, 1979). 
5. Tree can also act as filters and air purifiers and so are able to absorb 
and constitute a sink to substantial amount of pollutants and dust 
(Eggeling, 1942). 
The role of vegetation in soil formation and fertility was acknowledged 
longtime ago by the soil scientists. Both the aerial and underground parts of 
the plants deeply influence the soil. The major effects of plants on soils are 
due to the addition of organic matter from the former to the latter (Young, 
1986). Different plant communities do not contribute with equal amount of 
litter to the soil. 
Soil content of organic matter does not solely depend on the quantities 
added, but rather on the rate of decomposition and consumption by soil 
organisms. Thus tropical soils contain generally less proportions of organic 
matter than temperate soils, even though they receive higher amounts of 
litter. This is due to the increased biological activity in the tropics that lead 
to quick decomposition and disappearance of organic matter, meanwhile in 
temperate regions organic matter tend to accumulate due to the unfavorable 
conditions facing the decomposition agents and resulted in lowering their 
activity. Gerakis and Tangrakis (1970) mentioned that Acacia senegal 
increased total nitrogen and organic carbon while it had no effect on soil 
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texture, PH, Available P and K of a sand sheet soil. Radwanski and 
Wickens (1969) showed that soils under Acacia albida in western Sudan are 
black, moist, well developed with stable crumbs structure, and with many 
roots absorbing water freely. This contrasted to the compact, dry, weakly 
structured, unstable soil liable to sheet erosion in the bare land, where there 
is no tree cover. Also, there was a significant difference in crop yield 
between the two types of soils. There is an indication that where acacia 
trees were retained or planted, soil fertility is restored. Nitrogen status is 
improved through litter mineralization and fixation of atmospheric N 
(Radwanski and Wickens, 1969; Felker, 1978). 
The influence of Acacia senegal on soil properties was extensively 
investigated in western Africa (Deans et al., 1999; Bernhard-Revesat and 
Poupon, 1980; Bernhard-Revesat, 1982; 1983). For example, in Senegal, 
Deans et al. (1999) found that soil organic matter, N, P, and K 
concentrations were always greatest in surface horizons close to stems. 
Further, they found that, unlike the case for N and K, there was little 
evidence of increasing P in surface soil as plantations aged. Correlation of 
amount of N, P and K with amounts of soil organic matter were only 
significant in surface horizons and there was no evidence of soil 
amelioration other than near the soil surface. Nitrogen and K increased in 
surface soil by 24 and 4 kg/ha-1 year-1 , respectively, in plantations at 6x6 m 
spacing soil organic matter increased 0.05% and 0.035 % year-1 under tree 
canopies and in open ground, respectively. However, the potential 
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contribution of Acacia senegal trees to improving soil fertility will be 
reduced if no enough litter is allowed to return to the soil (Deans et al., 
1999; Young, 1997). Deans et al., (1999) found felling of trees and 
harvesting wood of 2 cm diameter at age of 15 years in A. senegal would 
remove 60, 2.7 and 35 kg ha-1 of N, P, and K. 
The influence of Acacia  senegal on soil properties in the Sudan in pure 
stands or fallow compared to bare lands and cultivated fields was 
investigated on sandy soils of north Kordofan and on Vertisol soils in the 
central clay plains in the central Sudan. All these studies confirmed 
increased soil C, N and P in comparison to bare soil. Gerakis and 
Tsangerkis (1970) found that total nitrogen in soils under Acacia senegal in 
Goz soils compared to that under traditional agriculture was markedly 
higher around trees especially at a radius of 1.25-2.5 m for uppermost layer 
(0-10 cm) with no appreciable differences in the lower layers. The organic 
carbon was also higher around the trees for all soil layers and particularly 
for the first layer. The available potassium showed a slight increase around 
the trees than away from them, while, the available phosphorus, soil pH and 
clay content did not show much difference. 
Hussein (1990) compared soil under Acacia senegal at different 
topographical positions along the dune catena (dune crest, slope, and 
bottom) with soils from old forest and cultivated fields at Eldemokeya 
Forest Reserve. He found that the accumulation of carbon and nitrogen was 
higher under the old forest site than younger forest site. In the same site, 
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Nimer (2000) investigated the differences in soil properties under a 35 
year’s old Acacia senegal plantations compared to soils outside the 
plantations. She found that Acacia senegal plantations had induced 
considerable changes in the soil morphological, physical and chemical 
properties. The major nutrient elements (N, P, K, Ca, Mg and Fe) have 
generally increased with various proportions ranging from 10% to more 
than 130%.     
El Tahir et al., (2004) investigated some soil chemical properties and 
particle size distribution of sandy soils under Acacia senegal, Acacia tortilis 
and Acacia seyal plantations after three years from planting. They found 
that the tree species had significant effect on all studied soil properties. The 
percentage of P was significantly higher under the trees than in bare soil. 
Among the tree species, Phosphors (ppm) was much higher under Acacia 
senegal (3.8) and A. tortilis (3.5), whereas organic carbon (0.21%) and 
(0.02%) were significantly higher under A. senegal. Values of N and C 
significantly decreased with increasing distances from tree base. Higher silt 
and clay contents were found under the trees compared to bare soil. clay 
content was higher under A. senegal during the dry period and it decreased 
with increasing distance from tree base. 
Hussien and El Tohami, (1998) investigated the ameliorative effect of A. 
senegal natural stands and plantations on some properties of a vertisol in the 
central clay plain of the Sudan at El Dali Mechanized rainfed schemes, 
compared to continuously cultivated schemes and Acacia mellifera thickets 
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in the vicinity. They found that the ameliorative effect was most 
pronounced on carbon and nitrogen contents and soil bulk density. The total 
nitrogen and organic carbon were higher under A. senegal natural stands 
than in cultivated fields. 
The long term impacts of A. senegal on present day nutrient transformation 
particularly soil organic carbon and nitrogen in the semi-arid areas of north 
Kordofan was investigated (Olsson ., 1993; Olsson and Ardo, 2002; 
Poussart, 2002; Ardo and Olsson, 2003; Jakubaschk, 2002). All these 
studies noted higher soil organic carbon and nitrogen under Acacia senegal 
compared to cropped or fallow fields.   
    2.12 Tree Crop Interaction 
Interaction occurs at three levels within crops and trees. There are 
interaction among trees, crops and between trees and crops. These 
interactions may be positive or negative. In positive interactions, the 
performance of crops did not affected by trees. This occurs when for 
example, there are differences in rooting patterns and growth rhythms of the 
trees and annual crops are brought about when there is competition for 
resources especially water, nutrient, and light. Similarly allelopathic effect 
may occur and at times, the tree may attract diseases and pests. Therefore, 
the degree of competition between trees and crops in Agroforestry depends 
mostly on species characteristics, planting density, spatial arrangement and 
tree management as stated by Nair (1993). Thus competition is expected to 
be more severe in agroforestry system compared to sole cropping. In semi-
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arid zones below ground competition for water seems to be more severe 
than for light (Singh et al, 1989). Thus for the success of agroforestry in 
semi- arid conditions incorporation of the less competitive species for water 
is essential (Singh et al, 1989).     
The potential advantage of growing trees with crops in the tropic are well 
documented (Nair,1991). Large and persistent yield advantage are obtained 
when there is complementarity’s in resources capture and/ or use efficiency 
between trees and crops (Ong and Black,1994; Ong et al,1996). The 
successes of Agroforestry systems generally depends on achieving 
complementarity’s in capture and portioning of resources between the trees 
and crop components (Ong et al; 1996). Huxley (1983) suggested that the 
different rooting depth of trees and crops should increase resources 
utilization without causing below ground completion. However, subsequent 
research in Agroforestry, mainly in alley cropping, has shown that 
differences in rooting depth were not invariably noted, and that competition 
for water, rather than complementarities in its use, may result from 
combining fast growing trees (Leucaenea Leucocephala) with annual crops 
in a single system (Ong et al, 1991; Daniel et al, 1991).  The study of 
complementarities in the use of belowground resources by trees and crops 
need to be greatly expanded if Agroforestry is to achieve its potential role. 
In some cases, crop yields can be severely reduced because of competition 
with trees for water (Corllet et al, 1992), while in other cases yield may 
increase significantly as a result of complementarities in water use. 
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 (Singh et al, 1998 ; Fernandes, 1990; Maclean et al, 1992). Studies 
competitions in alley cropping have mostly focused on indirect exploitation 
of shared resources. Direct competition such as allelopathy exert significant 
detrimental pressure on the crop; however, its role in all not been studied in 
detail (Maclean et al, 1992). 
In Nigeria, low yield from maize adjacent to the hedgerows was attributed 
to shade from Leucaena leucocephala at 1.0- 1.5 height. Similarly the yield 
of Cassava intercropped with Leuaena leucocephal was reported to be more 
affected by shading and competition for light which is the most widely 
observed form of competition in alley cropping. However, competition for 
light between the crop species is not always disadvantageous from all points 
of view. 
Kang et al, (1984) reported that Leucaena leucocephala grown with in 
monoculture or in association with maize would produce small good size 
poles for houses and reducing branching would make it less suppressive on 
future of crops of maize. 
Competition for solar radiation is most permanent above ground specially 
the competition between hedgerow trees and companion crops. Ahmed 
(1990). Studied the growth performance of dura Sorghum bicolor under 
alley cropping with Leucaena leucocephala in Khartoum University 
Research farm for three successive seasons. The result revealed that 
addition of Leucaena purnings to sorghum plots increased total fresh and 
dry weight of Sorghum bicolor. Similarly plant height, number of leaves 
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and leaf area were significantly increased in plots receiving Leucaena 
purnings. This was attributed to improve in soil nutrient status in plots 
receiving the purnings. Koko (1991) studied in the same site the effect of 
Eualyptus microtheca and Leucaena leucocephala on growth and yield of 
Hibiscus esculantus& Cucurbita maxima was a complete failure, while 
Hibiscus esculantus was moderate in performance. The reduction in yield of 
agricultural crops cultivated between the tree rows compared to their yield 
on open plots was found to be of the order of 60.7 % and 86.9% for 
Hibiscus esculantus and 96.7% and 83.7 % for sorghum bicolor var. Abu 
70. In the second season, the yield of Abu 70 grown on plots mulched with 
Leucaena Leucocephala fresh purnings, compared to its yield on control 
plots, was increased by 60 %, while using Ecualyptus fresh purnings gave 
no additional yield. Fadl, (1999) Studied the growth and yield of groundnut, 
sesame and millet under alley cropping with Acacia senegal in Eldemokeya 
and Nabag Forest Reserve (North and South Kordofan States). The result 
indicated significant increase for plant height, number of leaves, leaf area, 
and crop yield for groundnut in both sites and for sesame in Nabag Site and 
for millet in Eldemokeya Site. The variations were attributed to rainfall 
fluctuations and different growth habits. The same author in (2002) studied 
the growth performance and yield of groundnut (Arachis hypogea), sesame 
(Sesamum indicum) and roselle (Hibiscus sabdariffa) in an Agroforestry 
cropping system with Acacia senegal in North Kordofan state. The results 
indicated that crop performance and crop yield of groundnut, sesame and 
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roselle were significantly reduced in the intercropping system compared to 
sole cropping. However, yield reduction in groundnut (53%) was much 
higher than in sesame (6%) and roselle (14%). The reduction in 
intercropping plots could be due to high tree density, which resulted in 
water and light competition between the trees and the associated crops.   
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CHAPTER III 
MATERIALS AND METHODS 
3-1 Materials 
3.1.1 Study area 
The study was conducted in North Kordofan State in two site Eldamokeya 
Forest Reserve 30 km East El-Obeid  town (lat 130  10 N/, long 300 14/ E) 
altitude 570 meters above the mean seas level and El-Obeid Agricultural 
Research Station Farm 1 km North El-Obeid Agricultural Research Station.  
North Kordofan could be divided into two main geographical zones   
depending on average annual rainfall amount and type of soil  
 The northern zone: this lies between latitudes 140.00 and 160 40 N/.it is a 
semi arid zone with a rainfall of 0-300 mm. The soil is mainly sandy with a 
variable topography. The inhabitant’s main economic activity is livestock 
raising mainly camels and sheep. Some of millet, watermelon (both rainfed) 
and horticultural production (irrigated) takes place. 
 The Southern zone: This zone lies between latitudes 120.00 and 14 N0. It 
receives about 300- 500 mm of rainfall, going from north to south. The soils 
are mainly stabilized sands intersected with clay Pedi plain locally named 
(gardud). The economic activity in this zone includes crop production of 
mainly millet, sorghum, sesame, groundnut, roselle, etc. A considerable 
livestock production of mainly cattle, sheep, goats and camels take place. 
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Most of the area of north Kordofan is within the arid and semiarid zone.  
The main annual rainfall ranges from 75 mm in the extreme north to about 
500 mm in the south. About 90% of the total precipitation in Kordofan falls 
during the period between July and September, and almost 2/3 of it during 
July and August. August is the rainiest month in North Kordofan and Sudan 
as a whole. Most of the rains in North Kordofan are in the form of heavy 
thunder storms of short duration and localized nature. 
 North Kordofan has hot to warm weather. The mean annual isotherm is 27 
C0 with temperature extremes ranging between 10-46 C0. Mean relative 
humidity ranges from 20% in winter to 75% in August the middle of the 
rainy season. The most characteristic landscape feature of North Kordofan 
is the (qoz) land which covers almost 50% of the total area of the State. 
This is essentially sand soils characterized by low water holding capacity, 
low cation exchange capacity and low fertility especially organic matter, but 
easy to cultivate. Crop establishment in the early season poses one of the 
main problems especially in the last two decades with the recurrent drought 
incidents. 
The main land use types within the study area are the traditional crop and 
gum arabic production; range and live stock. In addition, agriculture with 
supplementary irrigation is also practiced on small areas along seasonal 
water courses. The study was conducted in two site Eldemokeya Forest and 
El-Obied Agriclural Research Station Farm. 
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  3.1.2 Eldemokeya Forest Reserve 
El demokeya (13o 16’N; 30o 29’ E; Alt. 560 m), also known as Qoz Ashgar, 
is located 31 Km east of El Obeid town (13 o 10’ N; 30 o 12’ E.). The forest 
area (3150 ha) was reserved and registered in 1959 as the main site for gum 
arabic research in Sudan (fig 1). The area under Acacia senegal is about 
1500ha. Three methods of sowing were used in the early establishment of 
the forest these methods are; bare rooted seedlings, direct seeding in the 
1960s and container seedlings during the 1970s-1990s. The rest of the forest 
considered as a natural stands.  
The soil is classified as Entisol, according to USDA soil survey and locally 
known as (Goz). The soil texture is sand, where the sand fraction amounts 
to more than 90%. The concentration of organic matter, nitrogen and 
phosphorus are very low, less than one percent. The annual rainfall in this 
area arranges between 280 and 450 mm in the months from July to 
September. The mean relative humidity is 34% and varies between 14% in 
the dry season and 65% in the wet season. Evaporation is 15.5 mm and 
increase to 20.0 mm in the hot summer months. The mean annual minimum 
and maximum temperature arrange between 20C0 and 35 C0, respectively.  
The coldest months were December and January with 9.3 and 10.9 C0 
respectively. The study was conducted in a 15 years old plantation of 
Acacia senegal. The tree had an average height of 276 cm and an average 
crown width of 205 cm. Table (1&2) represented the air temperature, soil 
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moisture, soil temperature and relative humidity in Eldemokeya and El-
Obied sites.  
3.1.3 El-Obeid Agricultural Research Farm 
El-Obeid Agricultural Research Farm is located about 1 km North El-Obeid 
Agricultural Research Station (fig 2). The Farm covered about 40-60 ha. 
The soil is classified as sandy soil. The average rainfall ranged between 
200- 350 mm in the months from July to September. The mean relative 
humidity is 34% and varies between 23% in the dry season and 84% in the 
wet season. The mean annual minimum and maximum temperature arrange 
between 20C0 and 35 C0, respectively.  The coldest months are December 
and January with 14.3 and 12.7 C0 respectively (table 2) ,the study was 
conducted in 9 years old plantations. The trees had an average height of 175 
and average crown width of 195 cm. 
3.2 Methods: 
3.2.1 Experimental design  
Two-intercropping experiments were conducted at El Obeid Research Farm 
and El Demokeya Forest Reserve. At El Demokeya site, the study was 
conducted in a 15 years-old plantation of Acacia senegal. The average 
height and crown width of trees was 247 cm and 205 cm, respectively. 
However, at El Obeid research farm the plantation was 8 years old with 
average height and crown width of 176cm and 195 cm, respectively. The 
experimental design was randomized complete block design with four 
replications at each site. The treatments were as follows: 
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1. Sole trees at 5 x 5 m spacing. 
2. Groundnut with trees (at 5 x 5 m spacing). 
3. Sesame with trees (at 5 x5 m spacing). 
4. Roselle with trees (at 5X 5 m spacing). 
5. Sole groundnut.  
6. Sole sesame.  
7. Sole Roselle. 
3.2.2 Experimental procedure and data collection 
Each plot was 10 x10 m, separated by 2 m alleys and 5 m between blocks. 
The seeds of groundnut, sesame and roselle were obtained from El-Obied 
Agricultural Research Station. Before sowing the seeds were treated with 
furnisan-D at the rate 3 g/kg seed against soil fungi and insects. 
 the seeds of groundnut, sesame and roselle were sown during July 
2004/2005 and 2005/2006. The spacing used was 60 x20 cm, 50 x 30 cm 
and 50 x 50 cm for groundnut, sesame and roselle respectively. The seed 
rate for groundnut and roselle was 2 seeds per pit, and 3 seed per hole for 
sesame. The spacing and seed rates followed the standard cultural practices 
of El Obeid Agricultural Research Station.  . Two weeding were carried out 
after 2 and 5 weeks from planting in both sites. 
The residual soil moisture was measured during July, August and 
September by gravimetric methods at 20, 40, and 60 cm depth. Soil samples 
were oven dried at 105oC for 24 h and soil moisture was calculated on the 
dry weight basis. Soil sampling was done prior to execution of the 
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experiment to characterize the soil type in the experimental site at depths 0-
20 cm, 20-40 cm, and 40-60 cm in each site. for the first season. Soil 
samples were air dried and sieved through a 2 mm mesh. Then the 
following parameters were determined: 
1. Particle size distribution was obtained by using the modified 
hydrometers (Days, 1965), and the textural classes were assigned 
according to the American system (USDA monographic, 1975). 
2. Bulk density was determined by cylinder methods. 
3. PH was measured by a pH meter (equipped with a combined 
electrode) in a soil paste and a filtered solution (soil/water = 1:5). 
4. Cation exchange capacity (CEC) was obtained by summation of 
exchangeable cations. 
5. Nitrogen was determined by macro kjeldhal methods (Pearson, 
1970). 
6. Phosphorus was determined by spectrophotometer using NaHCO3 
methods (Chapman and Pratt, 1961). 
7. Organic carbon was determined by Walkley and Black methods 
and the organic matter equaled: organic carbon X 1.72.   
Shoot height, root lengths, root/ shoot ratio, fresh weight, dry weight and 
crop yield were measured after crop harvest. For the soils Laboratory 
analysis was done according to U.S.D.A60 (After agricultural hand book, 
No. 60. U.S.D.A) in El-Obeid Agricultural Research Station. The gum trees 
was tapped during October and gum was collected during December. Gum 
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was weighing by using a sensitive balance. Statistical analysis for 
agronomical data was done by using computer program MSTAT-C 
statistical package (Fischer, 1990). For those showing significant 
differences means were separated by using least significant difference 
method (LSD).  
3.2.3 Land Equivalent ratio (LER) 
Land Equivalent ratio (LER) was used to evaluate the productivity of mixed 
cropping system (Beets,1982). LER is measure of degree to which 
intercropping gives  higher returns to land area than the pure stand. It is 
calculated using the formula:  
LER = Crop A yield in mixture       +    Crop B yield in mixture 
           Crop A yield in pure stand          Crop B yield in pure stand 
 
LER ≤ 1 = intercropping is inferior to sole cropping 
LER = 1= No differences between cropping system 
LER ≥ 1= Intercropping is better than sole cropping. 
3.2.4 Economical Evaluation 
Economical analysis, using partial budgeting technique (CIMMYT, 1988) 
was carried out to assess and compare the economic return and net benefit 
of the sole and the various intercropping systems. The following steps were 
used in order to carry out this analysis: 
1. The average yield across the sites for both crops and each treatment 
were calculated. 
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2. Cross field benefit for both crops in each treatment was calculated by 
multiplying field price of the unit of crop (SD/ Kantar) by the average 
yield obtained (kg/ha). 
3. Net benefit was obtained by subtracting the total production cost 
from gross field benefit. The field crop price was taken from the 
market, where majority of the farmers sell their crops. Total 
production cost is the sum of all the cost that varies including labor 
and inputs. It is assumed that the cost of production is additive, 
therefore the cost of production for each treatment was calculated by 
summing of costs for both crops. Table 3 represents the costs of 
production for intercropping and sole cropping system.     
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Figure3: Average rainfall (mm) in El-Obied and Eldemokeya 
experimental sites during the growing season 2004/2005 
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Figure 4: Average Rainfall (mm) in Eldemokeya Forest Reserve during the 
Period (1991 to 2004). 
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Figure 6: Minimum and Maximum Temperature in Eldemokeya 
Experimental Sites during the Growing Season 2004/2005. 
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Figure7: Relative humidity in El-Obied and Eldemokeya experimental 
sites during the growing season 2004/2005 
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CHAPTER IV 
RESULTS AND DISCUSSIONS 
4.1.1 Effect of cropping system on soil physical and chemical properties 
Results of soil physical and chemical properties in El-Obeid and 
Eldamokeya site were shown in table (4, 5, 6 and 7). This soil was 
classified as Entisols according to USDA soil survey (1975). It is deep and 
divided into tow layers according to its color. The soil color is dominantly 
“bright” yellowish red with absence of somber hues which indicate poor 
organic matter content and predominance of iron oxides in it. The texture is 
sand which sand percentage is range from (90-95%) in both sites; silt and 
clay percent represent less than 6%.  The soil in both sites is poorly 
structured, with weak fine blocky units in the surface and particulate 
massive formation in the sub surface layers. The bulk density is around 1.5 
g/cm3. This may be attributed to compaction of the soil, especially in the 
surface layers. The soil reaction is neutral, as indicted by pH readings which 
oscillate the value (7- 7.5) PH in soil paste is evidently lower than that read 
in the extract because K+ ions released from electrode are exchanged by 
absorbed H+ ions which lead to lower pH (Bonneau and Souchier, 1983). 
Organic matter, organic carbon, nitrogen and phosphorus are very low, 
usually less than 10 percent in both sites. The surface layers of the soil 
contain slightly higher percent of them except for phosphors. Low amounts 
of available phosphorus may be explained by intrinsic poverty of the 
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original substrate.  The Cation exchange capacity is generally less than 10 
me/100g of soil, the Cation exchange capacity in the study area is very low 
compared to the exchange capacity  of gardud soils and the vertisols of the 
central clay plains in which the exchange capacity may exceed 60meg/100g 
of soil (Roseires, 1965).  
1.1.2 Effect of cropping system on soil moisture  
The total soil moisture contents in the 0-20, 20-40 and 40-60 cm soil layers 
were significantly (P< 0.05) affected by cropping system and soil depths 
(Table 2). The highest soil moisture was found under sole cropping system, 
However, there is highly significant differences (P<0.01) between the 
months (July, August and September). There are highly significant 
differences (P< 0.01) between soil depths 
Generally in El-Obeid and Eldemokeya sites the sole cropping system had 
more soil moisture compared with sole Acacia senegal and intercropping 
systems.  
4.1.3 Plant height (cm) 
Significant differences on plant height were caused by cropping system in 
El-Obied research farm for sesame and roselle in first season and for 
groundnut, sesame and roselle in the second season (Table 10). In 
Eldemokeya forest reserve analysis of variance indicated significant 
differences for roselle only in the first season and for groundnut, sesame 
and roselle in the second season (Table 11). The average plant height for the 
two locations in the first and second season is shown in (table 12). Analysis 
of variance indicated significant differences for sesame height only, while 
groundnut and roselle height were not significantly different. However, 
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plant height in Acacia senegal agroforestry system was higher compared 
with sole cropping system. The no significant difference mainly attributed 
to the rate and distribution of the rainfall during the two seasons. The 
average rainfall in the two seasons is less than 200 mm which considered as 
the main limiting factor. 
4.1.4 Root length (cm) 
Significant differences (P= 0.05) on the root length were caused by 
cropping system for groundnut in the first season and for the sesame in the 
second season in El-Obied Research Farm (Table 13). In Eldemokeya 
Forest Reserve sesame and roselle root length was significantly affected by 
cropping system in the second season (Table14).The combined analysis for 
the two season revealed in no significant differences (Table 15). This might 
be due to competition as well as canopy coverage. 
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Table2. Soil particle size distribution under cropping systems at three soil 
depths (0.2, 0.4 and 0.6 m) at the experimental site in El-Obied Research 
Farm 2004 
Cropping system Soil particle size distribution Textural class 
Soil depths Sand % Silt % Clay % 
Pure A. senegal 0-20 cm 89.4 3.8 6.8 Sand 
20-40 cm 92 3 5 Sand 
40-60 cm 93 3 4 Sand 
A. senegal agro sys 0-20 cm 94 3 3 Sand 
20-40 cm 92.5 2.5 5 Sand 
40-60 cm 92.2 3.5 3.3 Sand 
Sole cropping system 0-20 cm 93 3 4 Sand 
20-40 cm 93 3 4 Sand 
40-60 cm 93 2 5 Sand 
*Agro sys: Agroforestry system 
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Table3. Soil particle size distribution under cropping systems at three soil 
depths (0.2, 0.4 and 0.6 m) at the experimental site in Eldemokeya Forest 
Reserve 2004. 
Cropping system Soil particle size distribution Textural class 
Soil depths Sand % Silt % Clay % 
Pure A. senegal 0-20 cm 87.6 3.0 8.4 Sand 
20-40 cm 88.9 2.0 7.9 Sand 
40-60 cm 94 1 5 Sand 
A. senegal agro sys 0-20 cm 94 1 5 Sand 
20-40 cm 85.3 1.7 3 Sand 
40-60 cm 94 1 5 Sand 
Sole cropping system 0-20 cm 95 1 4 Sand 
20-40 cm 94 2 4 Sand 
40-60 cm 94 1 5 Sand 
*Agro sys: Agroforestry system 
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Table4. Soil chemical properties at three soil depths (0.2, 0.4 and 0.6 m) at 
the experimental site in El-Obied Research Farm 2004 
Cropping systems Soil chemical properties 
Soil depths OC% N% Pppm K B.D CEC PH 
Pure A. senegal 0-20cm 0.26 0.04 2.4 0.016 1.6 5 7.4 
20-40cm 0.19 0.03 2.3 0.014 1.5 5 7.4 
40-60cm 0.19 0.02 2.3 0.014 1.5 6 7.3 
A. senegal agro sys 0-20cm 0.23 0.04 2.6 0.015 1.5 5 7.2 
20-40cm 0.20 0.03 2.4 0.013 1.4 5 7.2 
40-60cm 0.19 0.03 2.3 0.014 1.5 5 7.5 
Sole cropping system 0-20cm 0.19 0.03 2.6 0.016 1.5 5 7.4 
20-40cm 0.16 0.02 2.4 0.015 1.5 6 7.1 
40-60 cm 0.14 0.02 2.3 0.014 1.5 5 7.2 
*O.C. Organic matter; CEC Cation exchange capacity; B.D. Bulk density 
Agro sys: Agroforestry system 
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Table5. Soil chemical properties at three soil depths (0.2, 0.4 and 0.6 m) at 
the experimental site in Eldemokeya forest reserve 2004 
Cropping systems Soil chemical properties 
Soil depths OC% N% Pppm K B.D CEC PH 
Pure A. senegal 0-20cm 0.24 0.016 2.7 0.14 1.5 4 7.4 
20-40cm 0.19 0.015 2.6 0.14 1.4 5 7.3 
40-60cm 0.14 0.015 2.4 015 1.5 5 7.3 
A. senegal agroforestry 
system 
0-20cm 0.26 0.016 2.4 0.15 1.3 5 7.6 
20-40cm 0.23 0.015 2.6 0.13 1.4 4 7.5 
40-60cm 0.19 0.014 2.2 0.13 1.3 3 7.4 
Sole cropping system 0-20cm 0.18 0.014 2.5 0.13 1.5 4 7.1 
20-40cm 0.16 0.012 2.4 0.15 1.4 4 7.5 
40-60 cm 0.12 0.012 2.3 0.14 1.4 4 7.5 
*O.C. Organic matter; CEC Cation exchange capacity; B.D. Bulk density: 
Agro sys: Agroforestry system 
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Table6: Residual Soil Moisture at different Soil Depths and Cropping 
Systems in El -Obeid Research Farm during the Growing Season 
2004/05. 
Months Cropping system Soil depth (cm) Mean 
        20        40        60  
July A. senegal Agro. sys 4.34 2.84 1.09 2.76 
 Pure A. senegal  2.97 1.92 0.73 1.87 
 Sole cropping system 4.55 4.79 1.87 3.74 
August A. senegal Agro. sys 6.82 3.35 4.02 4.73 
 Pure A. senegal 8.99 3.16 3.06 5.07 
 Sole cropping system 6.16 4.72 5.62 5.5 
September A. senegal Agro. sys 3.99 11.89 6.57 7.48 
 Pure A. senegal  8.54 8.1 11.28 9.31 
 Sole cropping system 1.95 5.09 8.89 5.31 
Mean A. senegal Agro. sys 5.05 ±0.89 6.03± 1.94 3.88± 1.22 4.99 
 Pure A. senegal   6.83±2.94 4.39± 1.89 5.01± 0.19 5.0 
 Sole cropping system    4.22±1.59 4.87± 3.2 5.46± 3.51 7.26 
* Agro sys: Agroforestry system 
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Table7. Residual Soil Moisture in Different Soil Depths and Cropping 
Systems in El Demokeya Forest Reserve during the growing Season 
2004/05. 
Month's Cropping systems Soil depth (cm) Mean 
 20 40 60 
July A. senegal Agro. sys 0.86 2.04 2.86 1.92 
 Pure A. senegal  2.48 3.50 2.92 2.97 
 Sole cropping system  0.9 1.82 2.77 1.82 
August A. senegal Agro. sys 0.88 2.06 2.86 1.93 
 Pure A. senegal 1.42 2.49 3.50 2.47 
 Sole cropping system  2.92 2.54 1.88 2.44 
September A. senegal Agro. sys 0.38 0.78 1.83 0.99 
 Pure A. senegal  2.68 1.66 0.81 1.72 
 Sole cropping system  1.29 0.46 0.64 0.79 
Mean A. senegal Agro. sys 0.71±0.69 1.63±0.74 2.52±2.59 2.24 
 Pure A. senegal  2.19±0.65 2.55±1.96 2.41±0.99 2.28 
 Sole cropping system  1.70±0.95 1.61±0.42 1.76±2.01 1.67 
* Agro sys: Agroforestry system 
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Table8: Effect of cropping system on plant height in El-Obied research 
farm during the growing seasons 2004/2005 and 2005/2006. 
Cropping systems Season 2004/2005 Season 2005/2006 
groundnut sesame roselle groundnut sesame roselle 
A. senegal Agro Sys 31.3a 77.18a 81.7a 22.3a 74.5a 66.4a 
Sole cropping  system 32.2a 55.30b 64.9b 15.6b 68.2b 55.53b 
LSD 0.05 4.9 17.07 10.62 0.44 1.94 7.72 
CV% 30.53 17.1 19.66 14.86 16.20 25.17 
* Means followed by the same letters in the same columns are not 
significantly different at 5% level 
 
Table9: Effect of cropping system on plant height in Eldemokeya forest 
reserve during the growing seasons 2004/2005 and 2005/2006. 
Cropping systems Season 2004/2005 Season 2005/2006 
groundnut sesame roselle groundnut sesame roselle 
A. senegal Agro Sys 34.2a 77.23a 79.8a 22.65a 64.7a 67.3a 
Sole cropping system 32.8a 62.22a 56.2b 14.0b 60.6b 55.53b 
LSD 0.05 7.23 14.85 13.15 0.44 1.94 7.72 
CV% 14.37 14.21 29.56 14.86 16.20 25.17 
* Means followed by the same letters in the same columns are not 
significantly different at 5% level 
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Table10: Mean height of groundnut, sesame and roselle as affected by 
cropping season in El-Obied and Eldemokeya sites during the 
growing seasons 2004/2005 and 2005/2006. 
Cropping systems Crops 
groundnut sesame roselle 
A. senegal Agroforestry system 27.6a 73.4a 73.8a 
Sole cropping system 23.7a 61.6b 58.0b 
LSD 0.05 8.64      10.53   20.7 
CV% 22.34 14.97 20.90 
* Means followed by the same letters in the same columns are not 
significantly different at 5% level 
 
Table11: Effect of cropping system on root length in El-Obied research 
farm during the growing seasons 2004/2005 and 2005/2006. 
Cropping systems Season 2004/2005 Season 2005/2006 
groundnut sesame roselle groundnut sesame roselle 
A. senegal agro sys 14.5a 12.0a 16.0a 11.30a 13.0a 12.3a 
Sole cropping  12.6b 12.5a 16.5a 11.25a 10.3b 14.0a 
LSD 0.05 0.9 0.74 0.61 4.2 1.8 2.19 
CV% 14.45 12.02 17.45 24.85 18.39 11.4 
* Means followed by the same letters in the same columns are not 
significantly different at 5% level 
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Plate1: Agroforestry Experiment in El-Obeid Research Farm Season 
2004/05 
 
 
 
 
 
 
Plate1: Agroforestry Experiment in Eldemokeya forest Season 2004/05 
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4.1.5 Number of pod/plant 
Significant differences (P= 0.05) on number of pod/plant were observed 
for roselle in the first and second season and for sesame in the second 
season in El-Obied Research Farm (Table16). In Eldemokeya Forest 
Reserve sesame was significantly affected by cropping system in the two 
seasons, groundnut and roselle in the second season (Table 17). The 
combined analysis indicated significant differences (P = 0.05) for 
sesame only. This might have been due to rainfall fluctuation and 
competition for moisture content.   
 
 
 
 
 
 
 
Table12: Effect of cropping system on root length Eldemokeya forest 
reserve during the growing seasons 2004/2005 and 2005/2006. 
Cropping systems Season 2004/2005 Season 2005/2006 
groundnut sesame roselle groundnut sesame Roselle 
Intercropping 10.5a 10.25a 15.8a 9.93a 12.0a 15.75a 
Sole cropping  9.25a 9.50a 21.3a 9.58a 8.25b 11.50b 
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LSD 0.05 2.79 1.24 6.96 0.40 1.27 1.43 
CV% 18.83 25.06 25.06 18.24 25.1 20.92 
* Means followed by the same letters in the same columns are not 
significantly different at 5% level 
 
Table13: Mean root length of groundnut, sesame and roselle as affected by 
cropping season in El-Obied and Eldemokeya sites during the growing 
seasons 2004/2005and 2005/2006. 
Cropping systems Crops 
groundnut sesame roselle 
A. senegal Agroforestry system 11.56a 11.81a 15.83a 
Sole cropping system 10.67a 10.14a 15.46a 
LSD 0.05 2.61 3.0 0.44 
CV% 25.79 18.35 18.75 
* Means followed by the same letters in the same columns are not 
significantly different at 5% level 
Table14: Effect of cropping system on number of pod/plant in El-Obied 
Research Farm during the growing seasons 2004/2005 and 
2005/2006. 
Cropping systems Season 2004/2005 Season 2005/2006 
groundnut sesame roselle groundnut sesame Roselle 
Intercropping 35a 48.0a 37.0a 22.0a 19.0a 17.25a 
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Sole cropping  33a 47.0a 27.0b 16.0a 12.0b 15.0b 
LSD 0.05 3.81 4.76 4.93 8.07 5.76 1.32 
CV% 17.39 20.06 31.92 28.34 25.86 15.43 
• Means followed by the same letters in the same columns are not 
significantly different at 5% level 
Table15: Effect of cropping system on number of pod/plant in Eldemokeya 
Forest Reserve during the growing seasons 2004/2005 and 
2005/2006. 
Cropping systems Season 2004/2005 Season 2005/2006 
groundnut sesame roselle groundnut sesame Roselle 
Intercropping 28.0a 59.0a 43.0a 19.0a 23.0a 20.0a 
Sole cropping  33.0a 32.0b 31.0a 11.0b 14.3b 13.0b 
LSD 0.05 11.31 14.64 20.56 2.85 2.79 3.55 
CV% 24.72 21.48 36.42 37.38 30.18 40.88 
* Means followed by the same letters in the same columns are not 
significantly different at 5% level 
Table16: Mean number of pod/plant of groundnut, sesame and roselle as 
affected by cropping system in El-Obied and Eldemokeya sites 
during the growing seasons 2004/05 and 2005/2006.  
Cropping systems Crops 
groundnut sesame roselle 
A. senegal Agroforestry system 26.0a 37.25a 28.56a 
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Sole cropping system 23.25a 26.33b 21.5a 
LSD 0.05 8.37 9.43 13.74 
CV% 22.54 24.12 35.86 
* Means followed by the same letters in the same columns are not 
significantly different at 5% level 
 
Table17: Effect of cropping system on fresh weight (kg/ha) in El-Obied 
research farm during the growing seasons 2004/2005 and 
2005/2006. 
Cropping systems Season 2004/2005 Season 2005/2006 
groundnut sesame roselle groundnut sesame Roselle 
Intercropping 1930a 1140a 4110a 1740a 1730a 2450a 
Sole cropping  3920a 3360a 1690b 1060a 730b 5810a 
LSD 0.05 720 420 500 930 172 1620 
CV% 16.75 12.38 40.58 44.67 39.48 26.16 
* Means followed by the same letters in the same columns are not 
significantly different at 5% level 
4.1.6 Fresh weight (Kg/ha) 
    Significant differences (P= 0.05) on fresh weight were caused by 
cropping system in El-Obied Research Farm for roselle in the first season 
and for sesame in the second season (Table 16). In Eldemokeya Forest 
Reserve groundnut, sesame and roselle were significantly affected by 
cropping season in the second season (Table 17). The lower fresh weight in 
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intercropping plots could be attributed to both below and above ground 
competition for light and soil moisture. 
In general, in intercropping system nutrient competitions between trees and 
crops may have some inhibiting effect on crop growth.    
4.1.7 Dry weight (Kg/ha) 
          In El-Obied Research farm significant differences (P=0.05) were 
observed for Roselle dry weight in the first season and for sesame dry 
weight in the second season (Table18). In Eldemokeya, significant 
differences were caused by cropping system for sesame in first and second 
seasons and for roselle in the second season (Table 19). The low dry weight 
in intercropping system could be attributed to shading effects and low 
amount of rainfall which is leading to competition between trees and crops 
for limiting resources, particularly soil moisture.   
 
 
 
 
 
Table19: Effect of cropping system on fresh weight (kg/ha) in Eldemokeya 
forest reserve during the growing seasons 2004/2005 and 
2005/2006. 
Cropping systems Season 2004/2005 Season 2005/2006 
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groundnut sesame roselle groundnut sesame Roselle 
Intercropping 1440a 1390a 3390a 5120a 1810a 3220a 
Sole cropping  1870a 1690a 3030a 2420b 960b 1980b 
LSD 0.05 640 520 550 1090 380 740 
CV% 17.01 68.01 34.17 57.88 54.31 56.87 
* Means followed by the same letters in the same columns are not 
significantly different at 5% level 
Table20: Effect of cropping system on dry weight (kg/ha) in El-Obied 
research farm during the growing seasons 2004/2005 and 
2005/2006. 
Cropping systems Season 2004/2005 Season 2005/2006 
groundnut sesame roselle groundnut sesame Roselle 
Intercropping 620a 220a 760a 690a 960a 810a 
Sole cropping  860a 760a 330b 630a 260b 2610a 
LSD 0.05 360 210 140 60 51 1350 
CV% 32.5 28.8 50.43 26.59 55.66 52.96 
* Means followed by the same letters in the same columns are not 
significantly different at 5% level 
Table21: Effect of cropping system on dry weight (kg/ha) in Eldemokeya 
forest reserve during the growing seasons 2004/2005 and 
2005/2006. 
Cropping systems Season 2004/2005 Season 2005/2006 
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groundnut sesame roselle groundnut sesame Roselle 
Intercropping 340a 250a 490a 3770a 490a 1570a 
Sole cropping  300a 190b 550a 1220a 340b 830b 
LSD 0.05 237 30 110 680 130 400 
CV% 60.46 27.39 16.68 54.8 61.73 67.12 
* Means followed by the same letters in the same columns are not 
significantly different at 5% level 
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Plate3:  Sesame with Acacia senegal in Eldamokeya Forest Reserve 
Season 2004/2005 
 
 
Plate4: Sole sesame in El-Obied Research Farm season 2004/05 
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4.1.8 Crop Yield (Kg/ha) 
         No significant differences were found in the two seasons for the tested 
crops in crop yield with cropping system in both sites (Table 20 and 21). 
However, groundnut in El-Obied gave a yield of (212.0 and 505.0) kg/ha 
for sole cropping system compared with (331.8 and 783.8) kg/ha for 
intercropping. The reduction in groundnut yield in El-Obied in the two 
seasons was 36 and 35 %, respectively. In Eldemokeya Forest Reserve 
groundnut gave a yield of (255.8 and 452.5) kg/ha for sole cropping 
compared with (309.2 and 510.0) kg/ha for intercropping. The reduction in 
groundnut yield in Eldemokeya was 20.8 and 12.7 % for the two seasons, 
respectively. 
         Sesame in El-Obied gave a yield of 458.7 and 177.5 kg/ha in the 
intercropping compared with 488.5 and 285.0 kg/ha for sole cropping. The 
reduction in the sesame yield was 6.8 and 60.6 % for the two seasons, 
respectively. In Eldemokeya Forest Reserve sesame in the intercropping 
plots gave a yield of  300.0 and 166.8 kg/ha for intercropping compared 
with 338.8 and 275.0 kg/ha for intercropping . The reduction in sesame 
yield in the two seasons was 12.9 and 64.9%, respectively.  
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Table22: Effect of cropping system on crop yield (kg/ha) in El-Obied 
research farm during the growing seasons 2004/2005 and 
2005/2006. 
Cropping systems Season 2004/2005 Season 2005/2006 
groundnut sesame roselle groundnut sesame Roselle 
Intercropping 212.0a 458.7a 127.0a 505.0a 177.5a 272.5a 
Sole cropping  331.8a 488.5a 158.0a 783.8a 285.0a 363.0a 
LSD 0.05 112.39 56.21 69.39 124.17 40.98 91.11 
CV% 28.05 26.94 32.68 25.21 11.81 68.06 
* Means followed by the same letters in the same columns are not 
significantly different at 5% level 
Table23: Effect of cropping system on crop yield (kg/ha) in Eldemokeya 
forest reserve during the growing seasons 2004/2005 and 
2005/2006. 
Cropping systems Season 2004/2005 Season 2005/2006 
groundnut sesame roselle groundnut sesame Roselle 
Sole cropping  255.8a 300.0a 300.0a 452.5a 166.8a 387.0a 
Intercropping 309.2a 338.8a 418.8a 510.0a 275.0a 422.0a 
LSD 0.05 67.72 72.63 109.0 73.8 48.9 61.54 
CV% 58.26 17.98 42.18 38.70 44.24 40.37 
• Means followed by the same letters in the same columns are not 
significantly different at 5% level 
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Discussions 
 
The development of dryland agroforestry systems rests on the idea that trees 
owing to their deep root systems penetrate deeper into the soil than crop 
roots and access water and nutrients that are inaccessible to the crop. 
However, it is well known that in many situations tree roots compete with 
associated crop roots for soil water and under these circumstances the 
system must be modified or managed in such a way as to optimize the root 
functions to stimulate the facilitative effects of tree roots and reduce the 
negative competitive effects (Huang 1998, Schroth 1999). The potential of 
agroforestry systems to increase agricultural production on dryland can be 
viewed in the ability of the system components to utilize efficiently the 
available resources to increase production. Woody species usually compete 
with their companion annual crops for the limited water and nutrients, 
hence, the production of crops and forage often decreases in intercropping 
systems (Kessler and Breman 1991). 
To increase the production of agroforestry, one has to consider carefully 
which woody species and which properties in them could serve the 
identified objective, where and under what circumstances (Kessler and 
Breman 1991). Therefore, clear understanding of structure and function of 
an agroforestry system is considered to be essential for planning and 
management of the systems. Careful input-output calculation of all 
components is needed. This includes not only capital and human inputs, but 
also the space occupied and overlaps of niches between all components 
especially if environmental stability is the main reason to introduce trees in 
agriculture (Kessler and Breman 1991). 
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High production from agroforestry systems needs efficient and judicious 
management of resources, which in turn will depend on an appropriate 
combination of tree and crop species and management interventions such as 
tree pruning and tree density and arrangement regimes (Ong et al. 1992). 
Management of the interaction of all components in agroforestry systems 
aims at maximizing the positive and minimizing the negative interaction 
(Huang 1998). The most difficult problem in managing agroforestry 
systems on drylands is how to achieve the positive effects of trees on the 
soil while reducing the negative effects of below-ground competition for 
limited resources, so as to provide opportunities for temporal and spatial 
complementarity (Ong and Leakey 1999). A key issue is the degree of 
complementarity, either spatial or temporal, in the location of root systems 
of all components in agroforestry (Odhiambo et al. 2001). Mack and Harper 
(1997), Fowler (1981) and Davidson et al. (1985) demonstrated that the 
behavior of the plant in a mixture of two species may be quite different 
from its behavior in a more diverse mixture. The most important measure 
for managing competition in agroforestry systems is to weaken, or re-direct, 
the competition between trees and associated crops (Huang 1998, Ong and 
Leakey 1999). The plant density in agroforestry systems may vary widely, 
depending, for instance, on how a species controls water loss, or increases 
water uptake, or adapts to soil characteristics (Migahid and Elhaak 2001). 
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Conclusions and Recommendations 
 
Agroforestry systems based on Acacia senegal can, apart from their 
environmental benefits, also make full use of the available resources and 
thus lead to a higher combined yield as compared to growing trees or 
agricultural crops alone. This is a result mainly from improved use of water. 
A key result from the present studies from the viewpoint of gum arabic 
management is that the gum yield can be significantly increased when the 
trees are interplanted with agricultural crops, such as sorghum or karkadeh. 
The economic yield of these field crops is lower in combination with A. 
senagal than in pure culture; however, agricultural crop yields in gum 
gardens compare well with the average farm production level in Kordofan. 
A decrease in crop yield that results from competition between trees and 
crops can be tolerated, if the economic gain from gum production can be 
assumed to compensate for any loss in crop yield.  With farming based on 
Acacia senegal agroforestry, North Kordofan State holds a considerable 
agricultural potential, despite land vulnerability, adverse climatic factors 
and poverty. A. senegal agroforestry seems to be especially feasible for the 
area when considering the role of gum gardens in traditional land-use and 
the national and local economy, and the multipurpose nature of this 
particular tree species. New research is needed to clarify the roles of 
different manager or land-owner groups in gum garden production and 
economy, including the small holder farmes, the landless population, large 
landowners, enterprises, and the government. 
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In the present study, little evidence was found of complementarity in 
resource sharing between trees and agricultural crops that compete for soil 
water. However, the root distribution of different agroforestry system 
components was found to have an effect on gum and agricultural crop 
production. In an agroforestry system based on A. senegal it is vital to select 
an appropriate tree density, so as to minimize the effect of root competition 
and to reduce the trade-offs between crop and tree productivity. 
Below-ground competition is inevitable when the root systems of trees and 
crops are likely to have rather similar distribution in the topsoil, as found in 
the present study. However, all sources of available water are not used 
equally. Changes in soil moisture provide an indicator for predicting the 
response of agroforestry components in terms of water use, gum production, 
biomass, and crop harvest. Karkadeh is superior to groundnut and sesame in 
the rate and depth of root growth. This makes karkadeh a better choice as 
crop, if the soil water conditions are adequate. Sesame seems to be superior 
to karkadeh in an agroforestry system where the amount of soil water is 
inadequate, or when the production system is directed towards maximizing 
the gum production. 
Tree spacing is an effective tool for controlling root competition between 
trees and associated agricultural crops. The selection of the agricultural crop 
component should be based on information on the root growth pattern in 
that particular crop. For most of the rainy season there seems to be less soil 
water in an A. senegal agroforestry system in comparison to bare land. 
However, such a difference is minimal at the end of the rainy season. 
Evidently, even in the dry conditions of Kordofan, some utilizable water 
remains in the soil after crop harvest (as well as under bare land), which 
makes a more efficient water use of the cropping system a feasible aim. An 
agroforestry system can be expected to fulfil this aim and utilize the water 
well in the entire soil profile during the dry season. 
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Table 1. Rainfall, Air Temperature, Wind speed, Wind pressure and 
Relative Humidity   in El-Obeid Research Farm during the 
growth Season 2004/2005.  
 
Months Rainfall 
(mm) 
Air Temperature0C    
   Min               Max  
          
Wind 
Speed 
m/s 
Wind 
Pressure 
m/b 
Relative 
humidity (%) 
January 0.0 12.7 32.18 1.06 874.84 34.23 
February 0.0 13.59 31.35 1.44 904.66 30.66 
March 0.0 18.59 35.82 1.72 844.61 23.26 
April 0.0 23.75 39.69 1.39 935.35 25.02 
May 0.0 25.76 46.64 2.13 903.57 37.99 
June 8.6 25.86 37.59 2.56 965.25 61.10 
July 81 25.44 34.72 2.74 905.76 76.55 
August 82.8 23.77 31.68 2.19 905.16 84.98 
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September 20.4 23.58 35.56 1.76 906.12 73.46 
October 2.0 25.34 36.15 1.33 966.45 50.43 
November 0.0 19.07 33.77 1.33 934.56 38.05 
December 0.0 14.32 29.75 1.27 935.38 40.46 
Total 194.8      
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Table 2. Rainfall, Air Temperature, Soil Moisture and Relative humidity in Eldemokeya Forest Reserve during the 
growth Season 2004/05. 
Months Rainfall 
(mm) 
Air Temperature 0C        Soil Moisture                    Soil Temperature 0C                       
At 60 cm                      At 30 30 cm               Min             Max          At 60 cm    At 
                                                                       Min            Max          Min           Max 
Relative 
humidity 
(%) 
January 0.0 10.96 37.14 11.3 9.60 23.62 30.35 25.71 29.38 19.31 
February 0.0 8.47 37.89 11.1 9.23 22.61 31.56 24.72 29.77 27.43 
March 0.0 12.45 41.33 11.0 8.77 27.56 33.54 28.97 31.68 12.21 
April 0.0 17.74 42.26 10.8 7.64 31.04 37.35 31.33 34.77 12.67 
May 2.4 21.03 43.15 10.6 6.92 33.50 38.93 34.13 35.94 23.59 
June 22.12 21.83 40.04 10.3 6.08 28.68 38.40 32.27 35.88 42.94 
July 52.87 20.30 37.52 10.6 9.20 27.72 36.07 30.16 35.02 54.96 
August 52.86 20.53 37.39 9.50 8.60 28.27 36.16 30.56 34.13 65.30 
September 8.64 20.44 38.27 8.40 7.60 26.74 36.77 29.69 34.78 52.51 
October 2.82 19.96 39.16 8.30 7.37 31.69 37.24 33.53 35.22 32.24 
November 0.0 12.85 38.22 8.30 7.15 29.45 35.81 31.23 34.90 23.03 
December 0.0 9.31 33.28 8.10 6.92 26.06 31.55 28.18 31.38 25.13 
Total 141.71          
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Table3. Average Cost of production for intercropping and sole cropping system 2005/2006. 
 
Treatment 
  
Sole groundnut Groundnut with 
A. senegal 
Sole Sesame Sesame with 
A.senegal 
Sole Roselle  Roselle with  
A. senegal 
Cost (SD) Cost (SD) Cost (SD) Cost (SD) Cost (SD) Cost (SD) 
Seeds 1000 1000 700 700 700 500 
Insecticides 500 500 500 500 500 500 
Land preparation 1500 2000 1500 1500 1500 1500 
Planting 2000 2500 2000 2500 2500 2000 
Re-planting 1000 1500 1000 1500 1500 1000 
First weeding  2500 3000 2000 3000 3000 2500 
Second weeding 1500 2000 1500 2000 2000 1500 
Harvesting 3000 3000 4000 3500 3500 4000 
Gum Tapping - 2000 - 2000 - 2000 
Gum Picking - 1500 - 1500 - 1500 
Total 13000 19000 13200 18700 15200 17000 
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CHAPTER IV 
RESULTS and Discussions  
4.1 Soil Physical and Chemical Properties under the Cultivation Cycle 
Trees are considered to have a positive influence on the soil physical properties 
and soil nutrient content. investigation in a plantation of Acacia senegal on 
Eldemokeya Forest Reserve have shown that the soil was much richer in 
organic matter and in the major nutrient elements, nevertheless, the intensive 
cultivation, increasing human and animal population, drought and 
desertification, lack of natural regeneration of Acacia senegal and shorten in the 
fallow period had led to severe losses in crop yield. At the present time the 
cultivation cycle changed in many areas, due to the increasing human and 
animal population and the general decreases in water supplies.  
 
Table 1 and 2 shows soil particle distribution and soil chemical properties under 
the gum cultivation cycle at 0.2, 0.4 and 0.6m soil depths at El-Obied and 
Eldemokeya experimental site, respectively. Sand and silt were higher under 
intercropping in both Eldemokeya and El-Obied site. The clay content not 
significantly different in both Eldemokeya and El-Obied sites. However, the 
higher clay content was found under intercropping systems. Sand and silt 
content decreased with increasing in soil depths in both sites, but clay content 
increased with increase in soil depth. 
 
The higher sand, silt and clay content under intercropping system could be 
attributed to the dense vegetation cover made by the trees and shelter they 
provided to soil from wind erosion. Similar results have been reported by 
Sanchez (1987) for Faidherbia albida in the Sahel and Prosopis cineraria in 
Rajistan, India, where increased clay content had been found beneath the 
canopy of these trees. Generally, trees and biomass from trees can improve and 
maintain soil physical properties (Yong, 1997). 
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Nitrogen and phosphorus were higher under intercropping in Eldemokeya site. 
Similarly the highest organic carbon was found under intercropping system in 
both Eldemokeya and El-Obied sites. The lowest nitrogen and organic carbon 
was found under the sole cropping system. These results are in agreement with 
several studies (Bayalla, et al, 2002; Hirobe, et al, 2001; Wezel, 2000; Deans et 
al, 1999 and Kumar, et al, 1998). In this study the higher soil nitrogen content 
under the intercropping systems could be attributed to a direct N input from tree 
to soil and due to litter mineralization. 
 
Soil OC was comparatively higher under intercropping systems at both sites. 
This could be attributed to the dense vegetation cover under intercropping 
system. Conversely, the lower OC content under the sole cropping systems may 
be attributed to scanter vegetation and continuous cropping with subsequent 
removal of plant residues. This result is in strong agreement with the nutrient 
accumulation patterns found for this species (Hussien, 1970; Hussien and El 
Tohami, 1998; Deans et al, 1999 and Greakis and Tsangerkis, 1970). In general 
oreaganic matter contents are higher beneath and near trees than in the open 
space between trees (Deans et al, 1999). 
 
The results showed that there were significant differences in P concentrations 
between the different cropping systems in Eldemokeya site. Fadl (1999) in the 
same site found that nitrogen, phosphorus and organic carbon were 0.03, 3.6 
and 0.29 compared with 0.019, 2.5 and 0.24 in 2005. The decrease in soil 
nitrogen, organic carbon and phosphors are 36, 30 and 17%, respectively. The 
depleations in soil phosphorus and soil organic matter are attributed to intensive 
cultivation in the same area. Similar results have been obtained by Deans et al, 
(1999) for the same species in plantations aged 3 to 18 years old in Northern 
Senegal. Using GIS and cemetery model, Ardo and Olson (2003) found 73% 
reduction of stocks for 10 cropland sites after 37 years of continuous cultivation 
in similar sandy soil in semi arid North Kordofan. In this study, at both sites and 
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soil depths, soil P was slightly higher under intercropping system compared 
with the sole Acacia senegal and sole cropping system. These differences could 
be attributed to variation in mineralization rate. 
 
The effect of intercropping on soil OC, N, P and pH was not significantly 
different in El-Obied site. Yet the level was higher under intercropping system 
relative to sole cropping system. The result showed that potassium levels were 
slightly higher in intercropping systems compared with the sole cropping. This 
result is in agreement with Deans et al, (1999) who found that both P and K 
were much higher in the interface between trees than under tree canopy. In 
general the whole results showed that soil properties were ameliorated under 
intercropping systems compared to sole acacia and sole cropping system. 
Nonetheless, the level of all chemical properties in both sites except, K, soil pH 
was slightly higher under intercropping system at the uppermost layer (0.02m). 
Successive cultivation results in rapid deterioration of biological, chemical and 
physical properties. There is a significant negative relationship between 
cultivation intensity and soil organic matter in the semi arid sandy soils in North 
Kordofan in the upper 0.2m (Ardo and Olsson, 2004). There is low soil organic 
carbon increase during the fallow and faster soil carbon decrease during the 
cultivation.    
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Table1. Soil particle size distribution and soil chemical properties under 
the gum cultivation cycle at three soil depths (0.2, 0.4 and 0.6m) at El-
Obied Research Farm during the growing season   2004. 
   
Cultivation Cycle Particle size distribution Soil Chemical properties 
Sand Silt Clay O.C N P K PH 
Intercropping 93.2 2.7 4.1 0.40 0.016 2.4 0.13 7.4 
Sole Acacia senegal 90.7 2.5 6.8 0.21 0.015 2.3 0.12 7.4 
Sole cropping 89.3 1.8 8.9 0.20 0.014 2.2 0.11 7.5 
SE± 0.14* 0.11* 0.13* 0.06** 0.008ns 0.05ns 0.002* 0.03ns 
Soil Depths         
0-20 cm 94.8 2.5 2.7 0.32 0.018 2.3 0.14 7.4 
20-40cm 90.4 2.0 7.6 0.28 0.015 2.2 0.12 7.4 
40-60 cm 89.3 1.7 9.0 0.21 0.013 2.0 0.11 7.5 
Means 91.5 2.1 6.4 0.27 0.015 2.2 0.12 7.43 
SE± 0.17** 0.11** 0.18ns 0.18ns 0.008** 0.05** 0.002* 0.03ns 
*: Significantly different at (0.05); ** significantly different at (0.01); ns not significantly different.  
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Table2. Soil particle size distribution and soil chemical properties under 
the gum cultivation cycle at three soil depths (0.2, 0.4 and 0.6m) in 
Eldemokeya forest reserve during the growing season   2004. 
 
 
Cultivation cycle Particle size distribution Soil Chemical properties 
Sand Silt Clay O.C N P K PH 
Intercropping 94.7 2.4 2.9 0.24 0.019 2.38 0.13 7.3 
Sole A. senegal 92.4 2.0 5.6 0.20 0.016 2.14 0.12 7.3 
Sole cropping 90.2 1.5 8.3 0.18 0.03 1.24 0.12 7.2 
SE± 0.28* 0.16* 0.15** 0.03* 0.002* 0.05* 0.02ns 0.03ns 
Soil Depths         
0-20 cm 94.7 2.9 2.4 0.24 0.019 2.5 0.14 7.4 
20-40cm 92.3 2.1 5.6 0.19 0.015 2.3 0.12 7.3 
40-60 cm 90.8 1.5 7.7 0.18 0.013 2.2 0.11 7.2 
Means 92.6 2.2 5.2 0.20 0.016 2.3 0.12 7.3 
SE± 0.28** 0.16** 0.03* 0.07** 0.007** 0.05* 0.03* 0.03ns 
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4.2 Soil Moisture Content under the Cultivation Cycle 
 
The effect of the gum cultivation cycle on soil moisture content in 0.20, 20-40 and 
40-60 cm soil layers during the growing seasons 2004 and 2005 are shown in 
Tables 3 and 4. The soil moisture contents in the 0-20, 20-40 and 40-60 cm soil 
layers were significantly affected by cropping system and soil depths at both sites. 
The highest soil moisture content in the different soil layers in El-Obied 
experimental sites was found under sole groundnuts, while the lowest soil moisture 
content was found under roselle intercropped with Acacia senegal. Similarly in 
Eldemokeya site where the highest soil moisture content in the different soil layers 
was obtained in sole sesame, while the lowest soil moisture content was found 
under roselle intercropped with Acacia senegal. Soil moisture content was highly 
affected by soil depths. Generally, soil moisture content increased with increase in 
soil depth. The decrease in soil moisture content under intercropping system could 
be attributed to the competition between tree roots and the associated crops since 
they utilize the same soil layers. 
 
In the present study highly variability in soil moisture content was observed 
between the different cropping systems under the cultivation cycle. The lower soil 
moisture content was attributed to high water uptake caused by high transpirations 
demand, higher water requirement, and hence a higher rate of depletion of soil 
moisture. The water depletion was higher when trees were grown with agricultural 
crops than found in a mono cropping (Gaffar, 2005). 
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The roots of Acacia senegal in the sandy soil of Kordofan were mostly 
concentrated in the top 200 cm soil layer (Gaffar, 2005). Similarly the roots of 
agricultural crops were confined to the surface soil due to the high soil infiltration 
capacity. The total soil moisture contents increased with increase in soil depths. 
Generally sandy soils are characterized by a high infiltration rate. After heavy rains 
the upper soil layer often dries within a few hours. 
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                   Table3.Effect of cropping systems on the amount of water (mm) in 
                 0-20, 20-40 and 40-60 cm soil layers at El-Obied experimental site2004. 
Cropping systems Soil Depths Means 
 20 40 60 
Sole groundnut 9.5 16.8 29.8 18.6 
Sole sesame 7.7 14.2 28.1 16.7 
Sole roselle 7.2 13.4 26.8 15.8 
Sole Acacia senegal 4.4 12.5 24.3 13.7 
Groundnut intercropped 3.9 11.0 21.8 12.2 
Sesame intercropped 2.9 10.0 18.9 10.6 
Roselle intercropped 1.3 9.6 17.1 9.3 
Mean 5.3 12.5 23.8  
SE± 0.90** 0.98** 1.22**  
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 Table4.Effect of cropping systems on the amount of water (mm) in 
                 0-20, 20-40 and 40-60 cm soil at Eldemokeya Forest Reserve2004. 
Cropping systems Soil Depths Means 
 20 40 60 
Sole groundnut 9.1 19.9 29.3 19.4 
Sole sesame 7.9 17.1 22.4 15.8 
Sole roselle 5.8 14.4 20.1 13.4 
Sole Acacia senegal 3.9 12.9 17.1 11.3 
Groundnut intercropped 2.2 11.2 14.3 9.2 
Sesame intercropped 1.4 9.3 11.2 7.3 
Roselle intercropped 0.98 7.3 8.6 5.6 
Mean 4.5 13.2 17.6  
SE± 1.18** 1.5** 2.6*  
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4.3 Plant height and Root length under the gum Cultivation Cycle. 
 
Plant height and root length for El-Obied and Eldemokeya Experimental site are 
shown in Table 5. Analysis of variance indicated significant differences in plant 
height for groundnuts, sesame and roselle in El-Obied experimental site in the 
two seasons. In Eldemokeya Forest Reserve significant differences were 
observed for roselle in the first season and for groundnut, sesame and roselle in 
the second season. 
Root lengths are significantly different for sesame and roselle in El-Obied 
Research Farm and Eldemokeya Forest Reserve, while groundnut is not 
significantly different. The increase in the height growth for sesame and roselle 
may attribute to better growth environment provided by the trees. During the 
experiment it was already observed that the groundnut plants suffered from 
water deficiency in the intercropping plots. This can be attributed to water 
competition between groundnut and Acacia senegal trees. The high competition 
between the roots of the crops and the tree in the upper soil layers probably 
results in stunted growth of the groundnut crop. Shedding effect also is seen as a 
factor which can led to a reduction in height growth and yield in the 
intercropping systems (Newman et al, 1998; Rao et al,1998). The negative 
effect of tree shading was strongest in the groundnut crop, because the low 
height of the crop means that it has very limited possibilities to grow out of 
shade. 
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Table5. Plant height and Root lenght under the Gum cultivation Cycle in El-Obied and El-demokeya Forest Reserve during 
the growing Seasons 2004 and 2005. 
Cropping systems El-Obied El-demokeya  El-Obied El-demokeya  
 Plant height (cm) Root lenght (cm) 
 2004 2005 2004 2005 2004 2005 2004 2005 
Groundnut         
Intercropping 31.3a 22.3a 34.2a 22.6a 14.5a 11.30a 10.5a 9.93a 
Sole cropping 32.2a 19.6b 32.8a 21.0a 13.6a 11.25a 9.25a 9.58a 
L.SD. 0.05 4.9ns 4.4ns 7.2ns 2.4ns 0.9ns 4.2ns 2.7ns 0.49ns 
CV% 23.53 14.86 14.37 14.86 14.45 24.85 18.83 18.24 
Sesame         
Intercropping 55.30a 74.5a 77.2a 64.7a 12.0a 13.0a 10.25a 12.0a 
Sole cropping 37.0b 68.2b 62.2b 60.6b 10.5b 10.3b 8.30b 8.25b 
L.SD. 0.05 13.1** 1.9** 14.9** 1.9** 0.74** 1.8** 1.24* 1.27** 
CV% 17.18 16.20 14.21 16.20 12.02 18.39 21.06 19.1 
Roselle         
Intercropping 81.7a 66.4a 79.8a 67.3a 16.0a 16.3a 21.3a 15.8a 
Sole cropping 64.9b 55.5b 56.2b 55.5b 12.5b 14.0b 15.8b 11.0b 
L.SD. 0.05 101.6** 7.7* 13.2* 7.7* 1.6** 1.2* 3.9** 1.4** 
CV% 19.66 14.17 21.56 19.17 17.45 11.4 15.06 20.92 
 
* Means followed by the same letters in the same columns are not significantly different at 5% level. 
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4.4 Number of pod/plant and Fresh weight (Kg/ha) under the Cultivation 
Cycle. 
 
Number of pod/plant, fresh weight (kg/ha) are shown in Table 6. Analysis of 
variance indicated signficant differences in number of pod/plant for sesame and 
roselle in the two sesaons in El-Obied and Eldemokeya experimental site, 
respectively, while groundnut number of pod/plant was not signficantly 
different in both sites. 
The result showed that fresh weight (kg/ha) was signficantly affected by 
cropping system. The high fresh weight of groundnut, sesame and roselle in 
intercropping system could be attributed to shedding effect which limit fruit 
production more than vegetative growth and hence production of more dry 
matter. This indicated that groundnut, sesame and roselle have low tolerant to 
competition with trees for the basic growth requirements particularly light. The 
results shows that the efect of season on fresh weight was low in the first season 
(2004) and higher in the second season (2005), reflecting the decreases in 
rainfall. In contrast, Gaffar, (2005) in the same site found that the yield and 
biomass production for sorghum and roselle was affected by intercropping. This 
was attributed to the decrease in yield and biomass production due to 
competition between the trees and associated crops for top soil water. In the 
present study the increase in fresh weight for groundnut, sesame and roselle was 
40%, 19.3% and 8.5% respectively.  
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Table6. Number of pods/plant and fresh weight under the gum cultivation cycle in El-Obied Research Farm and Eldemokeya 
Forest Reserve during the growing seasons 2004 and 2005. 
Cropping systems El-Obied El-demokeya  El-Obied El-demokeya  
 Number of pods/plant Fresh weight (kg/ha) 
 2004 2005 2004 2005 2004 2005 2004 2005 
Groundnut         
Intercropping 35a 22.0a 28.0a 19.0a 3920a 1740a 5810a 5120a 
Sole cropping 33a 16.0a 33.0a 18.0a 1930b 1060b 2450b 2420b 
L.SD. 0.05 3.81ns 8.07ns 11.31ns 2.85ns 720** 430** 620** 390** 
CV% 19.39 28.34 24.72 17.38 16.75 14.67 26.16 17.88 
Sesame         
Intercropping 48.0a 19.0a 59.0a 23.0a 3360a 1730a 1690a 1810a 
Sole cropping 43.0b 12.0b 32.0b 14.3b 1140b 730b 1390b 960b 
L.SD. 0.05 4.7* 4.7* 14.6** 2.79** 420** 172** 520* 380** 
CV% 20.06 15.86 21.48 23.18 12.38 19.48 18.01 24.31 
Roselle         
Intercropping 37.0a 17.25a 43.0a 20.0a 4110a 5810a 3390a 3220a 
Sole cropping 27.0b 15.0b 31.0b 13.0b 1690b 2450b 3030b 1980b 
L.SD. 0.05 4.93** 1.32** 9.56* 13.55** 150.23** 620** 50** 740** 
CV% 17.92 15.43 26.42 28.88 24.58 26.16 34.17 16.87 
 
* Means followed by the same letters in the same columns are not significantly different at 5% level. 
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4.5 Dry weight (kg/ha) and crop yield (kg/ha) under the cultivation cycle. 
 
Table 7 shows the dry weight (kg/ha) and yield (kg/ha) for groundnut, sesame 
and roselle in El-Obied and Eldemokeya experimetale site. Signficant 
differences were observed for sesame and rosele dry weight in both sites, while 
groundnut was not signficantly different. The low dry weight in intercropping 
system could be attributed to sheding effects and low amount of rainfall which 
has led to competition between trees and crops for limiting resources, 
particularly soil moisture. 
Crop yield were not signficantly affected by cropping system. However, 
groundnut in El-Obied experimental site in the first and second season gave a 
yield of 212.0 and 505.0 kg/ha for intercropping system compared with 331.8 
and 783.8 kg/ha for sole cropping. In Eldemokeya Forest Reserve groudnut 
gave a yield of 255.8 and 452.5 kg/ha for intercropping compared with 309.2 
and 510.0 kg/ha for sole cropping. Sesame in El-Obied experimental site gave a 
yield of 458.7 and 177.5 kg/ha in the intercropping compared with 488.5 and 
285.0 kg/ha for sole cropping. In Eldemokeya Forest Reserve sesame in 
intercropping plots gave a yield of 300.0 and 166.8 kg/ha compared with 338.8 
and 275.0 kg/ha for sole cropping. Roselle in El-Obied experimental site gave a 
yield of 158 and 163 kg/ha for sole cropping compared with 127 and 172.5 
kg/ha for intercropping. In Eldemokeya Forest Reserve roselle in solecropping 
gave a yield of 118.8 and 122 kg/ha compared with 300 and 378 kg/ha in 
intercropping plots. 
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The average yield for the two locations and two seasons indicated that 
groundnut,  sesame and roselle yield in intercropping systems was reduced by 
(26.3, 12 and 20.2%), respectively. The effect of cropping season on crop yield  
was highly signficantly different (P<0.001). At El-Obied Experimmental site in 
the second sesaon groundnut yield was (58 and 57.6%) higher in intercropping 
and sole cropping systems, respectively. In Eldemokeya experimental site 
groundnut was (43.5 and 39.4%) higher in intercropping and sole cropping 
system. Roselle yield was (53.4 and 65.5%) higher in intercropping and sole 
cropping systms at El-Obied experimetal site and (22.5 and 0.76%) higher in 
Eldemokey Forest Reserve. Sesame yield was reduced at both sites in El-Obied 
was (158 and 71.4%) lower than the production in the first season for 
intercropping and sole cropping system, respectively. In Eldemokeya sesame 
yield was (79.8 and 23.2) lower in the second season. Generally, groudnut and 
roselle yield was increased in the second season at both sites, while sesame was 
decreased at both sites. 
In the same site, crop yield in 1999 was as follow: groundnut 411.3 and 348.5 
kg/ha sesame 211 and 200kg/ha and millet 134 and 115.8 kg/ha for 
intercropping and sole cropping respectively. The decrease in groundnut and 
sesame yiueld compared with the reult obtained from this study are 37 and 11% 
for groundnut and 21 and 37.5% for sesame respectively. This indicates the 
yield change through the last 7 years due to intensive cultivation in the same 
site.   
The sarcity of water is believed to have an important role in competition 
between trees and the associated crops with consquent effect on growth and 
productivity (Moro, et al, 1997, Casper and Jackson, 1997; Anderson, 1993).  
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Below ground interaction is the most important aspect causing yield reduction 
in the semi arid tropics where water avalibility is a limiting factor for tree and 
crop growth Ong, et al, (1991). 
 
In the present study, intercropping systems reduced groudnut yield by 26.3% 
sesame yield by 12% and roselle yield by 20.2%. the lower yield in 
intercropping systems could be attributed to both above and below ground 
competition for light and water. According to Kessler (1995) the variation in 
sheding and therefore yield reduction depend on tree size and canopy structure; 
it was reported that sorghum grain yield under Parki biglobosa and Villellaria 
paradoxa were reduced by an average of 50% and 70%, respectively. This was 
attributed to low amount of light reaching sorghum plants, which suggest that 
denser tree canopy limit grain yield production, more than vegetative matter. 
 
In the present study, the seasonal variation in crop yield was attributed to 
variation in rainfall and soil moisture availability, in the growing season of 2004 
the annua; rainfall was exeptionally low 194.8mm and 141.7mm compared with 
340mm and 320mm in the growing season 2005 for El-Obied and Eldemokey 
experimental site, respectively. The water deficiency effect was especially high 
in the sesame crop resulting in highest reduction in growth and yield and this 
was attributed to high water uptake caused by high evapo-transipiration demand 
and hence a higher rate of depletion of soil; moisture. Shedding can also be seen 
as a factor which can led to reduction in crop yield in the intercropping systems 
(Newman, et al1998; Rao et al, 1998). 
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In the same site Gaafar (2005) reported that, Acacia senegal, when planted at 
low dwensity of 266 tres/ha, reduced the roselle flower yield by about 26% and 
the above ground roselle biomass production by 37% as well as the sorghum 
grain yield by 19% and the sorghum biomass production by 9% when planted at 
high tree density (433 tree/ha), it reduced roselle yield flower by 55% and the 
biomass production by 57% and the sorghum grain yield by 44% and the 
sorghum biomass production by 45%, relative to pure crops. 
 
El Tahir (2006) in the same site found that sorghum grain yield, stover and total 
dry matter production were not significantly different within a system, but were 
slightly higher in intercropping system at low densities. The higher production 
of grains, stover and total dry matter in intercropping sorghum at low tree 
densities in comparison to the othyer systems could perhaps be due to wider 
spacing, which may reduce below ground competition between trees and 
sorghum plants for nutrients and soil moisture. 
According to Nasreldin (2004), the wider spacing in hashab gum gardens gave 
higher crop yield in South Darfou; the recommended tree spacing for 
intewrcropping was 4x8m or 8x8m. The narrow spacing 4x4m was not 
conducive to higher crop yield probably due to sheding effect and compitetion 
for soil moisture.  
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Table7. Dry weight (kg/ha) and crop yield (kg/ha) under the cultivation cycle in El-Obied and El-Demokeya site during 
growing season 2004 and 2005. 
 
Cropping systems El-Obied El-demokeya  El-Obied El-demokeya  
 Number of pods/plant Fresh weight (kg/ha) 
 2004 2005 2004 2005 2004 2005 2004 2005 
Groundnut         
Intercropping 620a 90a 340a 3770 212a 505.0a 255.8a 452.5a 
Sole cropping 860a 630b 300a 1220 331a 783.8a 309.2a 510.0a 
L.SD. 0.05 360ns 60* 123ns 680* 112.39ns 124.17ns 67.72ns 73.8ns 
CV% 32.5 26.59 60.46 54.8 28.05 25.21 18.26 38.7 
Sesame         
Intercropping 760a 960a 250a 490a 458.7a 177.5a 300.0a 166.8a 
Sole cropping 220b 260b 190b 340b 488.5a 285.0b 338.8a 275b 
L.SD. 0.05 21** 51** 30** 130** 56.21ns 40.98** 72.63ns 48.9* 
CV% 28.8 25.66 27.39 26.73 26.94 11.81 17.98 14.24 
Roselle         
Intercropping 760a 810a 550a 1570a 127.0a 272.5a 300a 387.0a 
Sole cropping 330b 610b 490b 830b 158.0a 363.0a 418.8b 422.0a 
L.SD. 0.05 140* 135** 10** 400** 69.39ns 91.1ns 109.0* 61.54ns 
CV% 35.42 22.96 16.68 27.12 32.68 18.06 22.18 30.37 
 
* Means followed by the same letters in the same columns are not signficantly different at 5% level 
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4.6 Biological Nitrogen Fixation under the Cultivation Cycle 
 
Five trees with different age gradation 5,10,15,20 and 25 yeras old were exposed in 
order to examine the presence of nodules. Nodules were not observed in these trees in 
all age gradation. Several early researchers have studied Acacia senegal as a nitrogen 
fixing tree (Habish, 1970; Garekis and Tsangarakis, 1970) mentioned that Acacia 
senegal increased total nitrogen and oragnic carbon while it had no effect on soil 
texture, pH, and available P and K of sand shetet soil. In the present study, root 
nodules were not detected under field conditions. Jahanson and Mayeax(1990) stated 
that nodules can not be detected in some nitrogen fixing tree roots at certain 
sites,even when compatible rizobia are present in the soil, becouse they decompose 
rapidlyu or are to small to detecte, or they are located at deeper layers. 
Attempts to find the nodules in thge roots of large tres seem to have consistently 
failed (Masuth et al, 1997). The present study suggest that capability of Acacia 
senegal to fix nitrogen needs further investigation in mature stands.
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4.7 Gum Production under the Cultivation Cycle 
 
Gum yield was highly affected by cropping systems and number of pickings 
Table8. In all pickings the average yield ranged between 40.07 and 12.90 
g/Picking/tree. In the first season , the highest  production per tree for the four 
pickings (124.0g) was obtained in pure Acacia senegal cropping system, 
folowed by intercropped roselle (107.8g), intercropped groundnut (97.13g) and 
intercropped sesame (88.93g). in the second season (2005) the higher yield 
(121.8g) was obtained in roselle intercropped with Acacia senegal, followed by 
Pure Acacia senegal (113.5g), intercropped groundnut (106.23g), and 
intercropped sesame (91.68). The effect of cropping season on gum yield 
(g/tree) was not signficantly different. However, gum yield (g/tree) was slightly 
higher in the second season 2005 (108.3g/tree) compared with (104.46g/tree) in 
the first season. This varaiation in gum yield was attributed to variation in the 
rainfall. The overall average in gum yield (kg/ha) for the two seasons  2004 and 
2005 are shown in fiqure4. 
 
The variation in gum yield in the present study may be attributed to variation in 
environmental factors and management practices. This is in line with (Ballal et 
al, 2005) who mentioned that variation in gum production was attributed to 
management practices, tree age and probably genetic makeup of trees. Similar 
results were obtained by Abdel Rahman, (2001) for plantations odf similar age 
at Eldemokeya Forest Reserve. In contrast, yield per tree obtained by Gaffar, 
(2005) in the same site was ranged between 0.018 and 0.26 kg/tree. Generally, 
the main source of variation was attributed to management and climatic factors 
(Ballal, 2002). 
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Table8. Gum Yield (g/tree) under different Cropping Systems at Eldemokeya 
Forest Reserve during growing seasons 2004 and 2005 
 
Cropping systems Pickings 
1                      2                 3                   4 
Total 
Season 2004 
Pure Acacia senegal 35.07a 40.07a 27.13a 21.73a 124 
Roselle intercropping 29.57b 36.30ab 23.47b 18.50b 107.84 
Groundnut intercropping 28.0b 32.63bc 20.47c 16.03bc 97.13 
Sesame intercropping 29.10b 28.53c 17.47d 13.83c 88.93 
SE± 0.55** 1.18* 0.82** 0.87**  
Season 2005 
Pure Acacia senegal 36.80a 39.50a 26.40a 19.10a 121.8 
Roselle intercropping 34.33a 35.97a 27.57a 15.63b 113.5 
Groundnut intercropping 33.50a 35.03a 24.80ab 12.90c 106.23 
Sesame intercropping 25.97b 29.87b 21.87b 13.97bc 91.68 
SE± 0.58** 1.15* 0.48** 0.70**  
*Means followed by the same letters in the same column are not significantly different at the 5% level, 
according to Duncan’s Multiple Ra
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4.8 Crop Yield in Terms of Land Equivalent Ratio (LER) 
The land equivalent Ratio (LER) is shoiwn in Table9, which gave more than the 
value one indicating the superiority of growing the field crops in intercropping 
with Acacia senegal than the sole cropping system. The highest LER of 1.72 
was obtained when roselle was grown in intercropping system while the lowest 
LER was recorded when groudnut intercropped with Acacia senegal.  
4.7Economic Analysis 
 Table 10 shows the production cost of groundnut, sesame and roselle in the 
intercropping and sole cropping systems. Results from the partial budget 
analysis for the different treatments are summarized in Table 11. Generally, all 
the treatments were economically attractive, because they gave positive net 
revenues. However, the highest net benefits of 33521.15 SD/ha was recorded 
under sesame intercropped  Acacia senegal . The sole sesame gave the second 
highest net benefit, while the sole roselle gave the least net benefit.   
The  sole roselle net benefit was among the four least. The sole cropping of 
sesame was more profitable than the sole cropping of groundnut and sesame. 
The least benefits (583 SD) were obtained from planting roselle as a mono-
cropping crop.  
The economic profitability reported in these reults was also mentioned by many 
workers (Osman and Elamin, 1996). They found that intercropping systems that 
itegrated food and cash crops with legumes were economically more attractive. 
Norman (1977), studying cropping systems in the semi arid areas found that the 
average gross return per acre was 62% higher from crop intercropping than 
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from the sole crops. Norman (1977) concluded that growing crops in 
intercropping systems is consistent with the goal of income maximization. The 
profitability of seesame intercropping systems was also reported by Osman and 
Elamin (1996). Of three intercropping combinations invetigated the 
intercropping of sesame with A. senegal proved to be the most profitable 
practices, as it dominated the other two intercropping practices of groudnut or 
roselle with Acacia senegal.  
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Table9. Total and Partial Land Equivalent Ratio (LER) for the tested crops 
in the Intercropping and Sole Cropping Systems at Eldemokeya Forest 
Reserve. 
Cropping Systems Crop Yield 
(kg/ha) 
Partial 
(LER) 
Gum Yield 
(kg/ha) 
Partial 
(LER) 
Total 
(LER) 
Pure A. senegal - - 9.07 - - 
Sole groundnut 483.7 - - 0.84 1.58 
Groundnut intercropped 356.3 0.74 7.6 - - 
Sole sesame 346.8 - - - - 
Sesame intercropped 302.6 0.87 6.8 0.75 1.62 
Sole roselle 177.8 - - - - 
Roselle intercropped 140.30 0.79 
 
8.3 0.92 1.72 
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Table10. Average Cost of production  (SD/ha)  for intercropping and sole cropping system 2005/2006. 
 
 
Treatment 
  
Sole groundnut Groundnut with 
A. senegal 
Sole Sesame Sesame with 
A.senegal 
Sole Roselle  Roselle with  
A. senegal 
Cost (SD) Cost (SD) Cost (SD) Cost (SD) Cost (SD) Cost (SD) 
Seeds 1000 1000 700 700 700 500 
Insecticides 500 500 500 500 500 500 
Land preparation 1500 2000 1500 1500 1500 1500 
Planting 2000 2500 2000 2500 2500 2000 
Re-planting 1000 1500 1000 1500 1500 1000 
First weeding  2500 3000 2000 3000 3000 2500 
Second weeding 1500 2000 1500 2000 2000 1500 
Harvesting 3000 3000 4000 3500 3500 4000 
Gum Tapping - 2000 - 2000 - 2000 
Gum Picking - 1500 - 1500 - 1500 
Total 13000 19000 13200 18700 15200 17000 
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Table11. Partial budgeting for groundnut, sesame and roselle in Acacia senegal Agroforestry system at El-Obied and Eldemokeya Sites. 
Cropping systems Crop Yield 
(kg/ha) 
Gum yield 
(kg/ha) 
Gross field benefit 
(SD/ha) 
Total Gross 
field benefit 
Production 
Cost 
(SD/ha) 
Net benefit 
(SD/ha) 
Sole groundnut 483.7 - 32649.75  32649.75 13000 19649.75 
Groundnut intercropped  356.3 30.72 24050.25 16588.8 25739.05 19000 6739.05 
Sole sesame 346.8 - 42916.5  42916.5 13200 29716.5 
Sesame intercropped 302.6 27.36 37446.75 14774.4 52221.15 18700 33521.15 
Sole roselle 140.3 - 15783.75  15783.75 15200 583.75 
Roselle intercropped 177.8 33.54 20002.5 18111.6 38114.1 17000 21114.1 
Sole Acacia senegal - 37.11 - 20039.4 20039.4 3500 16539.4 
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Figure4: Net benefits of the tested crops in intercropping and sole cropping 
systems.  
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CHAPTER FIVE 
Conclusions and Recommendations 
Acacia senegal agroforestry systems plays an important role in environmental 
conservations and also makes full use of the available resources compared with 
the sole croping and sole Acacia senegal. 
Previous results indicated that soil nutrient, crop yield and gum yield were 
decreased as a result of intensive cultivation in the same site. Higher soil 
moisture content was found under the sole cropping system. The amount of soil 
water increased with increase in soil depths. Gum yield was not signficantlly 
affected by the cultivation cycle; the higher gum yield was obtained in pure 
Acacia senegal. Fresh weight was highly signfiantly afected by the cultivation 
cycle; the higher fresh weight was obtained in intercroping system compared 
with the sole cropping system. 
 
There were no signficant differences in crop yield between intercropping and 
sole cropping system. Beside the diverse product of intercropping (crops and 
gum), intercropping reduce risks of crop failure to farmer due to unpredicted 
climatic conditions. The economical analysis indicated that all the treatments 
are economically attractive; the higher net benfits were obtained under sesame 
in Acacia senegal agroforestry systems, while the lowest net benfits were 
obtained when roselle was grown as sole crops. In dry land areas such as 
Kordofan, where the drought and desertification, and the mis use of the major 
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resources is the main characteristi of agricultural production Acacia senegal 
agroforestry  , had a considerable potential, to protect the environement and to 
diversify the farmer income. 
New research is needed to clarify the roles of different manager or land owner 
groups in gum garden production and economy, large landowners, enterprises, 
and goverment. 
In the selection of agriculture crops for agroforestry systems the tree spacing 
and tree densities should be considered. 
Based on the results obtained in this study, the folowing recommendations can 
be made: 
1. To adopt the natural fallow periods (6 years). 
2. Improved fallow by introducing suitable pasture species. 
3. Gum cultivation cycle should be maintained for social security, povertry 
ellevation, mitigating unemployment, and environmental protection, combating 
desertification, controlling human migration, encoraging settlement and 
development.  
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Appendix No (1) 
 
Rainfall, Air Temperature, Wind speed, Wind pressure and Relative Humidity   
in El-Obeid Research Farm during the growing  Season 2004/2005.  
 
Months Rainfall 
(mm) 
Air Temperature0C    
   Min               Max  
        
Wind 
Speed 
 
Wind 
Pressure  
Relative 
humidity (%) 
January 0.0 12.7 32.18 1.06 874.84 34.23 
February 0.0 13.59 31.35 1.44 904.66 30.66 
March 0.0 18.59 35.82 1.72 844.61 23.26 
April 0.0 23.75 39.69 1.39 935.35 25.02 
May 0.0 25.76 46.64 2.13 903.57 37.99 
June 8.6 25.86 37.59 2.56 965.25 61.10 
July 81 25.44 34.72 2.74 905.76 76.55 
August 82.8 23.77 31.68 2.19 905.16 84.98 
September 20.4 23.58 35.56 1.76 906.12 73.46 
October 2.0 25.34 36.15 1.33 966.45 50.43 
November 0.0 19.07 33.77 1.33 934.56 38.05 
December 0.0 14.32 29.75 1.27 935.38 40.46 
Total 194.8      
 
 95 
Appendix No (2) 
Rainfall, Air Temperature, Soil Moisture and Relative humidity in Eldemokeya Forest Reserve during the grow Season 
2004/05. 
Months Rainfall 
(mm) 
Air Temperature 0C        Soil Moisture                    Soil Temperature 0C                       
At 60 cm                      At 30 cm               60cm    At  30At       Min             Max          
                                                                           Min            Max          Min           Max 
Relative 
humidity 
(%) 
January 0.0 10.96 37.14 11.3 9.60 23.62 30.35 25.71 29.38 19.31 
February 0.0 8.47 37.89 11.1 9.23 22.61 31.56 24.72 29.77 27.43 
March 0.0 12.45 41.33 11.0 8.77 27.56 33.54 28.97 31.68 12.21 
April 0.0 17.74 42.26 10.8 7.64 31.04 37.35 31.33 34.77 12.67 
May 2.4 21.03 43.15 10.6 6.92 33.50 38.93 34.13 35.94 23.59 
June 22.12 21.83 40.04 10.3 6.08 28.68 38.40 32.27 35.88 42.94 
July 52.87 20.30 37.52 10.6 9.20 27.72 36.07 30.16 35.02 54.96 
August 52.86 20.53 37.39 9.50 8.60 28.27 36.16 30.56 34.13 65.30 
September 8.64 20.44 38.27 8.40 7.60 26.74 36.77 29.69 34.78 52.51 
October 2.82 19.96 39.16 8.30 7.37 31.69 37.24 33.53 35.22 32.24 
November 0.0 12.85 38.22 8.30 7.15 29.45 35.81 31.23 34.90 23.03 
December 0.0 9.31 33.28 8.10 6.92 26.06 31.55 28.18 31.38 25.13 
Total 141.71          
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Plate7: Over cutting (Eldemokeya Forest Reserve) 
 
Plate8. Sesame intercropped with Acacia senegal (El-Obied Research Farm) 
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Plate9: Roselle intercropped with Acacia senegal (El-Obied Research 
Farm) 
 
 
 
Plate10: Sole groundnut (El-Obied Research Farm) 
 
